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@ Therapeutic agents for parkinson's disease. 

@ Disclosed as therapeutic agents for Parkinson's disease are xanthine derivatives of the formula (I) : 




(I) 



in which : 

and R^ each represent methyl or ethyl ; 
R^ represents hydrogen, Ci-Ce straight or branched chain alkyi or Cj-Ce straight or t)ranched chain 
alkenyl or alkynyl ; 

R* represents Ca-Cs cydoalkyi ; a -(CH2)n-R^ group where n is 0 or an integer of from 1 to 4. and R^ 
represents phenyl, naphttiyl or a heterocyclic group or a substituted phenyl, naphthyl or heterocyclic 
group containing from 1-4 substituents selected from Ci-Ce alkyI, 0^-06 alkoxy, hydroxy, halogen, nifro. 
amino, mono- or di-(Ci-Ce) alkylamino, trifiuoromethyl. benzyloxy, phenyl, phenoxy or alkoxy 
substituted by hydroxy, Ci-Ce alkoxy, halogen, amino, azide, carboxy or (Ci-Ce alkoxy)carbonyi ; 

or a 
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group where and each represent hydrogen, halogen, or Ci-Ce straight or branched chain 
alkyi ; and Z represents a 



group in which represents hydrogen, hydroxy, Ci-Cg straight or branched chain alkyl. Ci-Ce 
straight or branched chain alkoxy, halogen, nitro, or amino, and m represents an integer of from 1 to 4 ; 
a phenyl, naphthyl or heterocyclic group or a substituted phenyl, naphthyl or heterocyclic group as 
defined under ; 

and and each represent O or S ; 
or a phanmaceutically acceptable salt thereof. 
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The present invention relates to therapeutic agents for the treatment of Parkinson's disease. 

It Is known that adenosine exhibits neurotransnnitter depressing activity, bronchospasmic activity, and 
bone at>sorption promoting activity via an A2 receptor. Therefore, adenosine A2 receptor antagonists (herein- 
after referred to as Aj-antagonists) are expected as therapeutic agents for various kinds of diseases through 
5 activated adenosine A2 receptors, for example, therapeutic agents for Parkinson's disease, anti-dementia 
agents, anti-asthmatic agents, antidepressants, and therapeutic agents for osteoporosis. 

Known compounds in this general field include compounds of formulae A and B: 




For example, It Is known that adenosine antagonistic activity is found In compounds represented by For- 
mula (A) in which Ri» and represent propyl, represents hydrogen, and R^ represents substituted or 

35 unsubstituted phenyl, aromatic heterocyclic group, cycloaikyi, styryl, or phenylethyi [J. Med. Chem., 34, 1431 
(1991)]. Further, U.S.P. 3,641,010 discloses, as brain stimulants, compounds represented by Formula (B) in 
which R}^ and R^c Independently represent methyl or ethyl. R^ represents methyl, Y^<* and represent hy- 
drogen, and represents phenyl or 3,4,5-trlmethoxyphenyl. WO92/06976 discloses, as compounds having 
an adenosine A2 receptor antagonistic activity and therapeutic effects for asthma and osteoporosis, conv 

40 pounds represented by Fornnjla (B) in which R^^ and Independently represent hydrogen, propyl, butyl, or 
ally!, R^ represents hydrogen or lower alkyi, Y^^^ and independently represent hydrogen or methyl, and 
represents phenyl, pyridyl. Imldazolyl. furyl, orthlenyl unsubstituted or substituted by 1 to 3 substituents such 
as lower alkyI, hydroxy, lower alkoxy, halogen, amino, and nitro. Furthermore, other compounds represented 
by Formula (B) are known. One is 8-styryl caffeine which Is a compound of Formula (B) in which R^°, R^^, and 

45 R3c represent methyl, Y^® and represent hydrogen, and represents phenyl [Chem. Ber. 119, 1525 (1986)]. 
Another is a compound of Formula (B) in which R'<=, R^, and R^ represent methyl, Y^^ and Y^c represent hy- 
drogen, and Z^ represents pyridyl, quinolyl, or methoxy-substituted or unsubstituted benzothlazolyl [Chem. 
Abst 60, 1741h (1964)]. However, there is no description with regard to the pharmacological activity of any 
of these compounds. 

50 In accordance with the present invention, it has been found that xanthine derivatives of formula I have 

potent and selective adenosine A2 receptor antagonistic activity and are therefore excellent propsective ther- 
apeutic reagents for the treatment of Parkinson's disease. 

In one aspect, therefore, the present Invention relates to the use of a xanthine derivative of Formula (I): 

55 
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10 




(I) 



in which and represent independently methyl or ethyl; 
R3 represents independently hydrogen, lower alkyl, lower alkenyl, or lower alkynyl; 
15 R^ represents cydoalkyl, -(CH2)n-R^ (in which R5 represents substituted or unsubstituted aryl or a substituted 
or unsubstituted heterocyclic group; and n is an integer of 0 to 4), or 



20 



25 




(in which and represent independently hydrogen, halogen, or tower alkyi; and Z represents substituted 
or unsubstituted aryl, 



30 



35 



R6 P> 




(CHa) 



m 



(in which R^ represents hydrogen, hydroxy, lower alkyI, lower alkoxy, halogen, nitro, or anr^lno; and m represents 
an Integer of 1 to 3), or a substituted or unsubstituted heterocyclic group); 
40 and and represent independently O or S, or pharmaceutically acceptable salts thereof forthe preparation 
of pharniaceutical compositions useful for treating Parkinson's disease. 

The conrtpounds represented by Formula (I) are hereinafter referred to as Compounds (I), and the same 
applies to the compounds of other formula numbers. 

The present invention also provides as novel compounds xanthine derivatives of Formula (l-A): 



50 
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(I-A) 
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in which represents hydrogen or lower alkyi; 
Z* represents 



10 



5 




R9 



15 (In which at least one of R^. R^, and R* represents lower alky! or lower alkoxy and the others represent hydrogen; 
RIO represents hydrogen or lower aikyi) or 



(in which R« and m have the same meanings as defined above), and their pharnrwceutically acceptable salts. 

In the definitions of the groups In Formula (I) and Formula (l-A). the lower alkyt and the lower alkyl moiety 
of the lower alkoxy mean a straight-chain or branched alkyl group having 1 to 6 carbon atoms, such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyi, tert-butyl. pentyt, neopentyl, and hexyl. The lower alkenyl 
30 means a straight-chain or branched alkenyl group having 2 to 6 carbon atoms, such as vinyl, allyl, methacryl, 
crotyl, 3-butenyl. 2-pentenyl, 4-pentenyl, 2-hexenyl, 5-hexenyi. The lower alkynyl means a straight-chain or 
branched alkynyl group having 2 to 6 carbon atoms, such as ethynyl, propargyl, 2-butynyl, 3-butynyl, 2-pen- 
tynyl.4-pentynyl, 2-hexynyl, 5-hexynyi. 4-methyl-2-pentynyl. The aryl means phenyl or naphthyl. The cydoalk- 
yl means a cydoalkyl group having 3 to 8 carbon atoms, such as cyclopropyl, cydobutyl, cydopentyl. cydo- 
35 hexyl, cydoheptyl, and cydooctyl. Examples of the heterocydic group are fury!, thienyl, pyrroiyl, pyranyi, thio- 
pyranyl, pyridyl. thiazolyl, imidazolyl, pyrimidyl, triazinyl, indolyl, quinolyl, purinyl, and benzothlazolyl. The ha- 
logen indudes fluorine, chlorine, bromine, and todine. 

The substituted aryl and the substituted heterocydic ring each has 1 to 4 independently-selected substitu- 
ents. Examples of the substituents are lower alkyl, hydroxy, substituted or unsubstituted lower alkoxy, halogen, 
40 nitro, amino, lower alkylamino, di(lower alkyl)amlno. trifluoromethyl, trifluoromethoxy, benzytoxy, phenyl, and 
phenoxy. The lower alkyl and the alkyl moiety of the lower alkoxy. lower alkylamino, and di(lower alky1)amino 
have the same meaning as the tower alkyl defined above. The halogen has the same meaning as the halogen 
defined above. Examples of the substituentof the substituted lower alkoxy are hydroxy, lower-alkoxy, halogen, 
amino, azide, carboxy. and lower alkoxycarbonyl. The lower alkyl moiety of the lower alkoxy and lower alkox- 
45 ycarbonyl has the same meaning as the lower alkyl defined above, and the halogen has the same meaning 
as the halogen defined above. 

The above-mentioned pharmaceutical ty acceptable salts of Compounds (I) in dude pharmaceutically ac- 
ceptable acid addition salts, metal salts, ammonium salts, organic amine addition salts, and amino ackJ addition 
salts. 

so Examples of the pharmaceutically acceptable acid additbn salts are inorganic acid addition salts such as 
hydrochloride, sulfate, and phosphate, and organic acid addition salts such as acetate, mateate. fumarate, tar- 
trate, and citrate. Examples of the pharmaceutically acceptable metal salts are alkali metal salts such as sodium 
salt and potassium salt, alkaline earth metal salts such as magnesium salt and calcium salt, aluminium salt, 
and zinc salt Examples of the pharmaceutically acceptable ammonium salts are ammonium salt and tetrame- 

55 thyl ammonium salt. Examples of the pharmaceutically acceptable organic amine addition salts are salts with 
morpholine and piperidine. Examples of the pharmaceutically acceptable amino acid addition salts are salts 
with lysine, glycine, and phenylalanine. 



The processes for producing Compounds (I) are described below. Compounds (I) can also be produced 
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according to the methods described in, for example, U.S.P. 3,641,01 0; J. Med. Chem,. 34, 1431 (1 991); Chem. 
Ber.. 119. 1525 (1986); and Chem. Abst, 60, 1741h (1964). 



Process 1 



Compound (l-a) [Compound (I) in which is hydrogen] can be prepared by the following reaction steps; 

>C ^R"* 
Stepi _ ^^^Y 

(IV) 




Step 3 



R^CHO 

(V) 



R^COOH 

(m) 




Step 4 



Step 2 



ia 



(I-a) 



(In the formulae, R^ R^, R^ X\ and have the same meanings as defined above.) 



(STEPI) 

A uracil derivative (II) obtained by a known method [for example, Japanese Published Unexamined Patent 
Application No. 42383/84; J. Med. Chem., 32, 1873 (1989)] Is allowed to react with either a carboxyllc acid (III) 
or a reactive derivative thereof to give Compound (IV). Examples of the reactive derivative of the cart>oxyilc 
acid (III) are acid halides such as acid chloride and acid bromide, active esters such as p-nitro phenyl ester and 
N-oxysuccinimlde, commercially available acid anhydrides, acid anhydrides produced by using carbodilmides 
such as 3-(3-dimethylamlnopropyl)-1-ethylcarbodilmide, diisopropyl carbodilmlde, and dicydohexyl carbodli- 
mide, and mixed acid anhydrides with monoethyl carbonate or monoisobutyl carbonate. If the carboxylic acid 

(III) Is used, the reaction is completed in 10 minutes to 5 hours at 50 to 200°C without using a solvent. 

If a reactive derivative of the carboxyllc acid (III) is used, the reaction can be carried out according to a 
conventional method employed in peptide chemistry. That Is. Compound (II) and a derivative of the carboxyllc 
acid (111) are allowed to react in a solvent, preferably in the presence of an additive or a base, to give Compound 

(IV) . Examples of the solvent are halogenated hydrocarbons such as methylene chloride, chloroform, and ethy- 
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lene dichloride, ethers such as dioxane and telrahydrofuran, dimethyiformamide, dimethylsulfoxide, and water 
if necessary. An example of the additive is 1-hydroxybenzotriazole. Exampies of the base are pyridine, trie- 
thylamine, 4-dimethyiaminopyridine, and N-methylmorpholine. The reaction is completed in 0.5 to 24 hours at 
-80 to SO^'C. The reactive derivative may be formed in the reaction system and then used without being isolated. 

5 

(STEP 2) 

Compound (l-a) can be obtained by reaction of Compound (IV) carried out in any of the following manners: 
in the presence of a base (Method A); by treatment with a dehydrating agent (Method B); or by heating (Method 

10 C). In Method A. the reaction is carried out in a solvent in the presence of a base such as an alkali metal hy- 
droxide (e.g. sodium hydroxide and potassium hydroxide). As the solvent, water, lower alcohols such as me- 
thanol and ethanol. ethers such as dioxane and tetrahydrofuran, dinnethylfornnamide, dimethylsulfoxide. and 
the like may be used alone or in combination. The reaction is completed in 10 minutes to 6 hours at 0 to 180°C. 
In Method B, the reaction is carried out in an inert solvent or in the absence of a solvent using a dehydrating 

15 agent such as a thionyl halide (e.g. thionyl chloride) and a phosphorus oxyhalide (e.g. phosphorus oxychlor- 
Ide). Examples of the inert solvent are halogenated hydrocarbons such as methylene chloride, chloroform and 
ethylene dichloride, dimethyiformamide, and dimethylsulfoxide. The reaction is completed in 0.5 to 12 hours 
atOto 180*'C. 

In Method C, the reaction is carried out In a polar solvent such as dimethyiformamide. dimethylsulfoxide, 
20 and Dowtherm A (Dow Chemicals). The reaction is completed in 10 minutes to 5 hours at 50 to 200<'C. 

(STEP 3) 

Compound (M) is allowed to react with an aldehyde (V) to give a Schiff's base (VI). As a reaction solvent, 
25 mixtures of acetic acid and a lower alcohol such as methanol and ethanol n^y be used. The reaction is conv 
pleted in 0.5 to 12 hours at -20 to lOO^'C. 

(STEP 4) 

30 Compound (VI) is oxidatively cydized in an inert solvent in the presence of an oxidizing agent to form Com- 
pound (l-a). Examples of the oxidizing agent are oxygen, ferric chloride, cerium (IV) amnK)nium nitrate, and 
diethylazodicarboxylate. Examples of the inert solvent are lower alcohols such as methanol and ethanol, ha- 
logenated hydrocart^ons such as methylene chloride and chloroform, and aromatic hydrocarbons such as tol- 
uene, xylene, and nitrobenzene. The reaction is completed in 10 minutes to 12 hours at 0 to 180<'C. 

35 

Process 2 

Compound (l-b) [Compound (I) in which is a group other than hydrogen] can be prepared by the fol- 
lowing reaction step. 

40 Compound (l-b) is obtained from Compound (l-a) prepared by Process 1. 



45 



50 




(I-a) (I-b) 

(In the formulae. represents a group other than hydrogen in the definition of R^; and R\ R2, R^. X^ 
55 and have the same meanings as defined above.) 

Compound (l-b) can be obtained by reaction of Compound (l-a) with an alkylating agent, in the presence 
of a base if necessary. Examples of the alkylating agent are alkyl halides such as methyl iodide, ethyl iodide, 
and allyl bromide, dialkyi sulfates such as dimethyl sulfate, sulfonic esters such as allyl p-tolenesulfonate and 
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methyl trif luoromethanesulfonate. and diazoalkanes such as diazomethane. Examples of the base are alkali 
metal carbonates such as sodium carbonate and potassium carbonate, alkali metal hydrides such as sodium 
hydride, and alkali metal alkoxides such as sodium methoxide and sodium ethoxide. As a reactton solvent, ar- 
omatic hydrocarbons such as toluene and xylene, ketones such as acetone and methyl ethyt ketone, dime- 
5 thylformamide, dimethylsulfoxide, or the like may be used. The reaction is completed in 0.5 to 24 hours at 0 
to 1 SOX. 

Process 3 

10 Compound (l-d) (Compound (I) in which Z is phenyl having hydroxy as substituent(s)] can be alternatively 
prepared by the following reaction step. 



15 




a-c) (i-d) 

20 

(In the formulae, R^^ represents substituted or unsubstituted lower alkyi; p and q are integers of 1 to 4 and 
p s q; and R\ R2, R\ X\ X^, Y', and have the sanrte meanings as defined above.) 

The substituted or unsubstituted lower alkyI in the definition of R^^ has the same n^eaning as defined above. 

25 Compound (l-d) can be obtained by reaction of Compound (l-c) [Compound (I) in which Z is phenyl having 
lower alkoxy as sub$tituent(s)] obtained by Process 1 or Process 2 with a dealkylating agent. Examples of the 
suitable dealkylating agent are boron tribromide and the complex thereof with dimethyl disulfide, boron trichlor- 
ide, iodotrimethylsllane, sodium ethanethidate, sodium benzenethiolate. and hydrobromic acid. Areaction sol- 
vent is selected from aromatic hydrocarbons such as toluene and xylene, halogenated hydrocarbons such as 

30 methylene chloride, chloroform, and ethylene dichloride. dimethylformamide, acetic acid. etc. depending upon 
the kind of the dealkylating agent used. The reaction is completed in 10 minutes to 120 hours at -30 to 140<'C. 

Process 4 

35 Compound (l-e) [Compound (I) in which Z is phenyl having lower alkoxy as substituent(s)] can be alterna- 
tively prepared by the following reaction step. 



40 




a-d) (I-e) 



(In the formulae, R^^ represents substituted or unsubstituted lower alkyI; r is an integer of 1 to 4 and q ^ 
n and R\ R2, R3, R", X\ X^, Y^, Y^. p. and q have the same meanings as defined above.) 

The substituted or unsubstituted lower alkyI in the definition of R^^ has the same meaning as defined 
50 above. 

Compound (l-e) can be obtained from Compound (l-d) according to the method of Process 2. 
Process 5 

55 Compound (l-h) [Compound (I) in which Z is phenyl having amino-substituted lower alkoxy as the substitu- 

ent] can be alternatively prepared by the following reaction step. 



8 



EP 0 590 919 A1 



R2 Y2 

(I-f) 



V2 \=/ 



Stepi 
Azidation 



R2 Y2 ^ 

(I-g) 



D-Q-N3 



10 



IS 




D-Q-NH2 



(In the formulae, Q represents lower alkylene; Hal represents chlorine, bromine, or Iodine; and R\ R^, 
20 X2. Y^ and have the same meanings as defined above.) 

The lower alkytene in the definition of Q means a straight-chain or branched alkylene group having 1 to 6 
carbon atoms, such as methylene, ethylene, propylene. 1-methylethylene, butylene. 1-methylpropylene. 2- 
methytpropylene. pentylene, and hexylene. 

25 (STEP1) 

Compound (I-g) can be obtained by reaction of Compound (I-f) [Compound (I) in which Z is phenyl having 
chlorine, bromine, or iodine-substituted lower alkoxy as the substltuent] obtained by Process 4 with 5 to 10 
equivalents of sodium azide. As a reactbn solvent, an inert solvent such as dimethylfbrnriamide may be used. 
30 The reaction is completed in 1 to 10 hours at 50 to SO^'C. 



35 



(STEP 2) 

Compound (l-h) can be obtained by treatment of Compound (I-g) in an inert solvent such as tetrahydrofuran 
and dioxane in the presence of 2 to 5 equivalents of a reducing agent such as triphenylphosphine, followed 
by addition of an excess of water and further treatment for 1 to 10 hours at SO^'C to the boiling point of the 
solvent used. 



40 



Process 6 

Compound (l-j) [Compound (I) in which Z is phenyl having carboxy-substituted lower alkoxy as the sub- 
stituent] can be alternatively prepared by the following reaction step. 



45 



50 



f 



Hydrolysis 



(I-i) 



X2 F,3 



D-Q-COaH 



R2 



Y2 \=/ 
(I-j) 



(In the formulae. R^^ represents lower alkyi; and R\ R2. R3 Q, X^, X^, Y^ and have the same meanings 
as defined above.) 

55 The lower alkyI in the definition of R^^ has the same meaning as defined above. 

Compound (l-j) can be obtained by hydrolysis of Compound (I-i) [Compound (I) in which Z is phenyl having 
lower alkoxycarbonyl-substituted lower alkoxy as the substituent] obtained by Process 4 in the presence of an 
alkali metal hydroxide such as sodium hydroxide and lithium hydroxide. As a reaction solvent, a mixture of water 
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and an ether such as dioxane and tetrahydrofuran, or a mixture of water and an alcohol such as methanol and 
ethanol may be used. The reaction Is completed in 10 minutes to 12 hours at room temperature to the boiling 
point of t he solvent used. 

5 Process 7 

Compound (l-m) [Compound (I) In which Z is phenyl having hydroxy as the substituent(s)] can be alterna- 
tively prepared by the following reaction step. 



10 



15 




(I.k) Cl-Jn) 

(In the formulae, t is an integer of 1 to 4; and R^, R2, R3. X\ X^, y\ and have the same meanings as 
20 defined above.) 

Compound (l-m) can be obtained by treatment of Compound (l-k) [Compound (I) in which Z is phenyl having 
methoxymethoxy as the substituent(s)] obtained by Process 1. Process 2, or Process 4 in the presence of hy- 
drogen chloride gas, an aqueous solution of hydrochloric acid, or the like. As a reaction so^ent. ethers such 
as dioxane and tetrahydrofuran, alcohols such as methanol and ethanol, or the like may be used. The reaction 
25 is completed in 1 to 20 hours at room temperature to the boiling point of the solvent used. 

Process 8 

Compound (l-o) [Compound (I) in which is S] can be alternatively prepared by the following reaction 
30 step. 



35 




a-n) (I-o) 



(In the formulae. R^ R2, R3 R*, and have the same meanings as defined above.) 

Compound (l-o) can be obtained by reaction of Compound (l-n) [Compound (I) in which X2 is O] obtained 
by Process 1 to Process 7 with a thionating agent Examples of the thionating agent are phosphorus penta- 
45 chloride and Leawsson's reagent As a reaction solvent, pyridine, dimethylformamide, dioxane, tetrahydrofur- 
an, or the like, preferably pyridine, may be used. The reaction is completed in 10 minutes to 36 hours at 50 to 
leO'^C. 

The desired compounds in the processes described above can be isolated and purified by purification 
methods conventk)nally used in organic synthetic chemistry, for example, filtration, extraction, washing, dry- 
50 ing, concentration, recrystallization, and various kinds of chromatography. 

In the case where a salt of Compound (I) is desired and it is produced in the form of the desired salt it 
can be subjected to purification as such. In the case where Compound (I) is produced in the free state and its 
salt is desired, Compound (I) is dissolved or suspended in a suitable solvent followed by addition of an acid 
or a base to form a salt 

55 Some of Compounds (I) can exist in the form of geometrical isomers such as an (E)-isomer and a (Z)-iso- 
mer, and the present invention covers all possible Isomers including the above-mentk)ned ones and mixtures 
thereof. In the case where separation between an (E)-isomer and a (Z)-isomer is desired, they can be isolated 
and purified by fractionation methods, for example, fractional crystallization, fractional precipitation, and frac- 
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tional dissolution. 

Compounds (I) and pharmaceutically acceptable salts thereof may be In the form of adducts with water 
or various solvents, which can also be used as the therapeutic agents of the present invention. 
Examples of Compounds (I) are shown in Table 1 . 
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Compound — R"* 



Table 1-2 
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H3CO 

45 •• •• — ^ -H 

46 " ■ " -CH3 

CH3 

47 •• ■■ — ^^OCHa -H 

48 •■ ■• •• -CH3 

49 ■• — Q-OCH3 -H 

CI OCH3 

50 " •• •• -CH3 

51 -CH3 -CH3 " -H 

52 •• •• •• -CH3 

53 -CH2CH3 -CH2CH3 — 

F 

54 " ■• •• -CH3 
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Table 1-4 



Compound 



-R2 



-Z 



-R3 



55 -CH2CH3 
56 

57 -CH3 

58 

59 -CH2CH3 



-CH2CH3 



-CH, 



•"CH2CH3 



Br 



OCH3 -H 



-0^ 

Br 



OCH3 
OCHa 



-CH3 

-H 

-CH3 

-H 



60 


It (* 

OCH3 


-CH3 


61 


-0-OCH3 


-H 


62 


ti ti 


-CH3 


63 


O2N OCH3 


-H 


64 




-CH3 




-d 




65 


-H 


66 


0CH3 


-CH3 


67 


0CH3 


-H 


68 


ti ti 
CI 


-CH3 


69 


:: ^ 


-H 


70 




-CH3 
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Table 1-6 



Compound -R' -R^ -Z -R' 

-_ 

89 -CH2CH3 -CH2CH3 — ^ -H 

90 •• •■ " -CH3 

Br 

91 .• -H 

92 " " •• -CH3 

CF3 

93 " -{J -H 

94 •• •• " -CH3 

96 •• " -CH3 

97 " ■• -H 

98 " " ■• -CH3 

99 •• • -^-N(CH3)2 -H 

100 ■■ " "O-O 

101 " ■• -CH3 

F 

102 •• -^-OCHj -H 

103 •• " •• -CH3 

104 •• " -"O"'' 

105 " •• ■• -CH3 
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Table 1-7 



Compound — 



-R2 



-Z 
pCHa 



-R3 



106 
107 

108 
109 

110 

111 
112 
113 
114 
115 
116 
117 
118 

119 
120 

121 

122 



It 

HgC F 



-H 

-CHg 

-H 
-CH, 



PH 
-OH 

-Q-OCH3 

-^-OCH2C6H5 

-^-0{CH2)4Br 

-^-0{CH2)4N3 

-^-0(CH2)4NH2 
— ^^OCHzCOzCaHs 
— ^-OCHjCOzH 



0^ 



H3C CH3 



-H 
-CH3 

-H 

-CH3 



The pharmacological activities of Compounds (I) are shown below by experimental examples. 
Experimental Example 1 Acute Toxicity Test 

Test compounds were orally administered to groups of dd-strain male mice weighing 20 ± 1 g, each group 
consisting of three mice. Seven days after the administration, minimum lethal dose (MLD) of each compound 
was determined by observing the mortality. 

The results are shown in Table 2. 
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Table 2-1 



Compound 


MLD(mg/kg) 


Compound 


MLD(mg/kg) 


1 


>300 


31 


> 100 


2 


>300 


32 


>100 


3 


>300 


33 


>300 


4 


>300 


34 


>300 


5 


>100 


35 


>100 


6 


>300 


36 


>300 


7 


>300 


37 


>100 


8 


>300 


38 


>300 


9 


>300 


39 


>100 


10 


>300 


40 


>300 


11 


>300 


41 


>100 


12 


>300 


42 


>100 


13 


>300 


43 


>100 


14 


>300 


44 


>100 


15 


>300 


45 


>100 


16 


>300 


46 


>100 


17 


>100 


47 


>100 


18 


>300 


48 


>100 


19 


>300 


49 


>100 


20 


>300 


50 


>300 


21 


>100 


51 


>100 


22 


>100 


52 


>300 


23 


>300 


53 


>300 


24 


>300 


54 


>300 


25 


>100 


55 


>100 


26 


>300 


56 


> 100 


27 


> 100 


57 


>100 


28 


>300 


58 


>300 


29 


> 100 


59 


>100 


30 


> 100 


60 


>100 
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Table 2-2 



5 



10 



15 



20 



25 



30 



35 



40 



50 



Compound 


MLD(m9/kg) 


Compound 


MLD(mg/kg) 


61 


>100 


92 


>100 


62 


>300 


93 


>100 


63 


>300 


94 


> 100 


64 


>100 


95 


>100 


65 


>100 


96 


>100 


66 


>300 


97 


>100 


67 


>100 


98 


>100 


68 


>300 


99 


>100 


69 


>100 


100 


>100 


70 


>300 


101 


>100 


71 


>100 


102 


>100 


72 


>300 


103 


MOO 


73 


>100 


104 


>100 


74 


>300 


105 


>100 


75 


>100 


106 


>100 


76 


>100 


107 


>100 


77 


> 100 


108 


>100 


78 


>100 


109 


>100 


79 


>100 


110 


>100 


80 


>100 


111 


>100 


81 


>100 


112 


>100 


82 


>100 


113 


>100 


83 


>100 


114 


>100 


84 


>100 


115 


>100 


85 


> 100 


116 


>100 


86 


> 100 


117 


>100 


87 


> 100 


118 


>100 


88 


> 100 


119 


>100 


89 


> 100 


120 


> 100 


90 


>100 


121 


>100 


91 


> 100 


122 


> 100 



55 

As shown in Table 2, the MLD values of all the compounds are greater than 100 mg/kg or 300 mg/kg. in- 
dicating that the toxicity of the compounds is weak. Therefore, these compounds can be safely used in a wide 
range of doses. 
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Experimental Example 2 Adenosine Receptor Antagonistic Activity 

1) Adenosine A, Receptor Binding Test 

5 The test was conducted according to the method of Bruns et al. (Proc. Natl. Acad. Sci., 77. 5547 (1980)] 

with slight modification. 

Cerebrum of a guinea pig was suspended in ice-cooled 50 mM Tris hydroxymethyl aminomethane hydro- 
chloride (Tris HCI) buffer (pH 7.7) by using Polytron homogenizer (manufactured by Kinematicas Co.). The sus- 
pension was centrifuged (50,000 x g, 1 0 minutes), and the precipitate was suspended again in the same amount 

10 of 50 mM Tris HCI buffer. The suspension was centrifuged under the same conditions, and the final precipitate 
was suspended once again in 50 mM Tris HCI buffer to give a tissue concentration of 100 mg (wet weight)/ml. 
The tissue suspension was incubated at 37°C for 30 minutes in the presence of 0.02 unit/mg tissue of adeno- 
sine deaminase (manufactured by Sigma Co.). The tissue suspension was then centrifuged (50,000 x g, 10 
minutes), and 50 mM Tris Ha buffer was added to thd precipitate to adjust the concentration of tissue to 10 

15 mg (wet weight)/ml. 

To 1 ml of the tissue suspension thus prepared were added 50 ^l of cyclohexyladenoslne labeled with tri- 
tium (3H-CHA 27 Ci/mmol, manufactured by New England Nuclear Co.) (final concentration: 1.1 nM) and 50 
^1 of a test compound. The mixture solution was allowed to stand at 25''C for 90 minutes and t hen rapidly filtered 
by suctbnthroughagtassfiberfilter(GF/C manufactured by Whatman Co.). Thefilterwas Immediately washed 
20 three times with 5 ml each of ice-cooled 50 mM Tris HQ buffer, and transferred to a vial, and a scintillator (EX- 
H by Wako Pure Chemical Industries, Ltd.) was added thereto. The radioactivity on the filter was determined 
with a liquid scintillation counter (manufactured by Packard Instrument Co.). 

The Inhibition rate of the test compound against the binding of Ai receptor (^H-CHA binding) was calculated 
by the following equation: 

25 

Inhibition Rate (%) = (l - — — - — 1 x 100 

I [T] - IN]; 

30 

[Notes] 

1 . "B" means the anr>ount of radioactivity of ^H-CHA bound in the presence of a test compound at a con- 
centration shown in Table 3. 

2. "T* means the amount of radioactivity of ^H-CHA bound in the absence of a test compound. 

35 3. "N" means the amount of radioactivity of ^H-CHA bound in the presence of 10 ^M N»-(L-2-phenylis(>- 
propyl)adenosine (manufactured by Sigma Co.). 

The results are shown in Table 3. The inhibition constant (Ki value) shown in the table was calculated by 
the Cheng-Prusoff's equation. 
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Table 3 







Ai Receptor 


5 


Compound 


Inhibition (%) 


Ki(nM) 






10-6M 


10-*M 






1 


84 






10 


2 


67 


62 






4 


55 


70 






7 


34 


49 


> 10.000 


15 


8 


89 


94 






9 






>1 00,000 




10 








20 


13 


99 


71 
r 1 






14 


84 


86 






15 






>100.000 


25 


16 




TO 






17 


23 


31 


>100 000 




18 


58 


66 




30 


19 


10 


31 


>100.000 




20 


11 


1 


>100.000 




21 


36 


40 


>100,000 


35 


22 


1 


1 


>100,000 




23 


32 


38 


>100.000 




24 


-4 


-25 


>100.000 



40 

2) Adenosine A2 Receptor Binding test 

The test was conducted according to the method of Bruns at al. [Mol. Pharmacol., 29, 331 (1986)] with 
slight modification. 

4S The similar procedure as in the above-described adenosine Ai receptor binding test was repeated using 

rat corpus striatum to obtain the final precipitate of the tissue thereof. The precipitate was suspended in 50 
mM Tris HCI buffer containing 10 mM magnesium chloride and 0.02 unit/mg tissue of adenosine deaminase 
(manufactured by Sigma Co.) to give a tissue concentration of 5 mg (wet weight)M. 

To 1 ml of the tissue suspension thus prepared were added 50 ^1 of a mixture of N-ethylcarboxamidoade- 

50 noslne labeled with tritium (^H-NECA: 26 Ci/mnrwl, manufactured by Amersham Co.) (final concentration: 3.8 
nM) and cydopentyladenoslne (CPA. manufactured by Signna Co.) (final concentration: 50 nM), and 50 ^1 of 
a test compound. The mixture solution was allowed to stand at 25''C for 120 minutes and then treated in the 
same manner as in the adenosine Ai receptor binding test to determine the radtoactivity bound to the A2 re- 
ceptors. 

55 The inhibition rate of the test compound against the binding of A2 receptor (^H-NECA binding) was calcu- 

lated by the following equation: 
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20 



Inhibition Rate (%) = (i - ^| 

I [Tl - (N]j 



100 



[Notes] 

1 . "B" means the amount of radioactivity of ^H-NECA bound In the presence of a test compound at a con- 
centration shown in Table 4. 

2. T" means the amount of radioactivity of ^H-NECA bound in the absence of a test compound. 
10 3. "N" means the amount of radioactivity of ^H-NECA bound in the presence of 100 ^M CPA. 

The similar procedure as above was repeated to determine the radioactivity bound to the A2 receptors us- 
ing 50 ^1 of CGS 21680 labeled with tritium PH-2-[p-(2-cartx)xyethyl)-phenethylamino]-5*-(N-ethyicart)Oxa- 
mlde)adenosine: 40 Ci/mmol. manufactured by New England Nuclear Co. (J. Pharmacol. Exp. Ther., 251 , 888 
(1 989)] (final concentration: 4.0 nM) in place of 50 ^l of the mixture of N-ethylcarboxamidoadenosine labeled 
15 with tritium (^H-NECA: 26 Ci/mnrwl, manufactured by Amersham Co.) (final concentration: 3.8 nM) and cyclo- 
pentyladenosine (CPA. manufactured by Signrta Co.) (final concentration: 50 nM). 

The inhibition rate of the test compound against the binding of A2 receptors ('H-CGS 21680 binding) was 
calculated by the following equation: 



Inhibition Rate (%) = I 1 - — — - — ^— I x 100 

' IT] " (r- ' 



N] J 



25 [Notes] 

1. "B" means the anrwunt of radioactivity of ^H-CGS 21680 bound in the presence of a test compound at 
a concentration shown in Table 4. 

2. T" means the amount of radioactivity of ^H-CGS 21 680 bound in the absence of a test compound. 

3. "N" means the arTK)unt of radioactivity of ^H-CGS 21680 bound in the presence of 100 ^lM CPA. 

30 The results are shown in Table 4. The Ki value (^H-NECA binding) shown in the table was calculated by 
the following equation: 

ICso 



Ki 



35 [Notes] 

ICfio^ Concentration at which the inhibition rate is 50% 

L: Concentration of 'H-NECA 

Kd: Dissociation constant of ^H-NECA 

C: Concentration of CPA 

40 Kc: Inhibition constant of CPA 



45 



so 



55 
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Table 4-1 







A2 Receptor 




5 


Compd. 


Inhibition (%) 


K, (nM) 


Ratio (A1/A2) 






10-7M 


10-»M 


10-6M 


lO^M 








1 


53 


86 


98 


100 


23 




10 


2 


67 


79 


94 


92 


12 






4 


57 


84 


88 


90 


33 






7 


65 


88 


75 


83 


15 


>670 


IS 


8 


80 


99 


95 


74 


3.9 






9 


79 


84 


73 


86 


3.1 


> 32,000 




10 


91 


94 


90 


93 


2.0 




20 


13 


77 


84 


88 


95 


9.5 






14 


85 


91 


96 


98 


1.6 






15 


53 


64 


70 


70 


15 




25 


16 




96 


00 




6.1 






17 


70 


69 


80 


80 


6.3 


> 16.000 




18 


84 


90 


104 


98 


1.5 




30 


19 


65 


87 


92 


91 


310 


>320 




20 


51 


83 


90 


88 


50 


> 2.000 




21 


56 


68 


83 


79 


22 




35 


22 


78 


85 


78 


81 


3.0 


> 33,000 




23 


38 


60 


90 


81 








24 


62 


57 


75 


85 


26 


> 3.800 



40 



45 



50 
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Table 4-2 







A2 Receptor 


5 


Compd. 


Inhibition (%) 






10-7M 




10-CM 


10-*M 




25 






76 


70 


10 


26 
27 


27 


59 


75 
89 


79 
90 




28 


46 


80 


86 


99 


15 


31 


74 


82 


89 


79 




32 


83 


84 


82 


98 




33 






93 


92 


20 


34 


86 


93 


90 


94 




49 


73 


76 


108 


112 




50 


RA 
00 




00 




25 


51 






88 


91 




52 


78 


88 


81 


63 




54 


63 


94 


95 


96 


30 


55 


56 


65 


77 


81 




56 


74 


92 


97 


99 




58 






84 


78 


35 


60 
63 






75 
74 


64 

79 



40 



45 



50 



24 
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Table 4-3 





Aj Receptor 




Aj Receptor 


Compd. 


Inhibition (%) 


Compd. 


Inhibition (%) 




10- 'M 


10*M 




10- 'M 


10" *M 


35 


'54 


71 


86 


29* 


73* 


36 


71 


iUl 


87 




DO 


37 


Ob 




89 




/ O 


38 


/ 1 




.. 90 


OU 


y4 


39 


oU 


««• 
oo 


91 


Q* 

y 


01 


40 


ftQ* 

oo 




92 


yo 


XUo 


41 




0/ 


93 


oo 


oO 


42 


AC* 

4b 


Q7' 

O / 


94 


71* 


yo 


43 


an* 
bo 




95 


1 0 


oy 


44 


b4 


1 no* 
iUo 


96 


o4 


iU i 


47 


67 




97 


Ob 


R7* 

o / 


48 


oo 


QQ* 

yy 


98 


y/ 


yo 


64 


oy 


y4 


99 


9*; 
zo 


o*± 


65 


b4 


04 


101 


oo 




66 


7Q 

/o 


yo 


102 


70* 

/ u 


y4 


67 


7Q 


7Q 


103 


( o 


1 no* 


68 


oi 


OO 


105 


1 o 




70 


I D 


O^ 


106 


oo 




74 


59* 


87* 


107 


93* 


84* 


76 


30 


69 


108 


87* 


94* 


77 


54* 


54* 


109 


97* 


96* 


78 


68' 


89* 


110 


61* 


96' 


79 


53' 


79* 


112 


79* 


95* 


80 


72' 


86* 


113 


34* 


68* 


81 


78' 


95* 


114 


23* 


87' 


82 


86* 


98* 


115 


34* 


79* 


83 


75* 


70* 


120 


89* 


75* 


84 


82* 


100* 









['H]CGS 21680 was used. 



As shown in Tables 3 and 4. Compounds (1) and pharmaceutically acceptable salts thereof exhibit an ex- 
tremely potent affinity especially for adenosine A2 receptors. 

Experimental Example 3 Effect on Locomotor Activity in Parkinson's Disease Model in Mice 

1-Methyl-4-phenyi-1.2,3.6-tetrahydropyridlne (MPTP) is known to cause an acute Parkinson's syndrome 
(parkinsonism) when administered to humans. The syndrome resembles spontaneous parkinsonism in terms 
of cardinal symptoms (muscular rigidity, bradycinesia, and resting tremor) and pathological phenomena (ex- 
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10 



IS 



20 



tensive degeneration of the nigrostriatal dopamine system) [Science. 219, 979 (1 983)]. MPTP-treated mice also 
exhibit the syndrome similar to parkinsonism [Science. 224, 1451 (1984)]. 

Especially. MPTP-treated C57BL/6 mice have been reported to serve as a suitable model for Parkinson's 
disease. In this strain of mice, striatal dopamine is remarkably decreased and locomotor activity is profoundly 
depressed [Brain Res.. 528. 181 (1990)]. 

The experiment was performed by using several groups of 7-weeks-old male C57BL/6 mice (weighing 20 
to 24 g. Japan SLC), each group consisting of 8 mice. MPTP (Aldrich Chemical Co., Inc.) dissolved in a phys- 
iological saline solution (Otsuka Pharmaceutical Co.. Ltd.) was intraperitoneal ly administered to each mouse 
once a day tor five consecutive days at a dose of 30 mg/kg. A test compound was suspended in injectable 
distilled water (Otsuka Phamaceutical Co., Ltd.) containing Tween 80 [polyoxyethylene (20) sorbitan monoo- 
leatej. L-DOPA(Kyowa HakkoKogyoCo., Ltd.) was suspended in 0.3% CMC (sodium carboxyl met hytcellulose) 
and bromocriptine was suspended In injectable distilled water. Thirty minutes after the final MPTP adminis- 
tration, the test compound suspensions and the control suspension [injectable distilled water (Otsuka Phar- 
nrraceutical Co., Ltd.) containing Tween 80] containing ho test compound were orally administered to separate 
groups of the mice (0.1 ml per 10 g of body weight). The amount of active movements (horizontal activity) of 
each mouse was measured by using Automex-ll (Columbus Instruments International Corp.) for the period of 
30 minutes starting 30 minutes after the administration of the test compound. Bromocriptine was administerd 
3 hours proir to the final MPTP treatment, and the amount of active movements was measured for the period 
of 30 minutes from 1 hour after the MPTP treatmenL The effect of the compounds was evaluated by comparing 
the average counts of the active movements of the test compound-administered groups with those of the con- 
trol groups. Statistical comparison of the values was carried out by Student's t-test 

The results are shown In Table 5. 
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Table 5-1 



Group 



Administration 



30 



35 



40 



45 



Dose of 
Test Compound 



Amount of Active 
Movements (average 



Normal 


MPTP 


(-) 








Control 


Test Compound 


(-) 


2210 


±101, 


. 1 


MPTP 


MPTP 


( + ) 










Test Compound 


(-) 


45 


± 10, 


.7 ♦* 


Compound 


MPTP 


( + ) 








2 


Compound 2 


(+) 


10 637 


±160, 


.0 * 


Compound 


MPTP 


( + ) 








8 


Compound 8 


( + ) 


10 924 


±219. 


.5 ** 



p<0.01 (comparison with normal control group) 
*: p<0.05 ; **: p<0.01 (comparison with MPTP-treated group) 



50 



55 



26 
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Table 5-2 



10 



IS 



Group Administration Dose of Amount of Active 

Test Compound Movements (average 

count ± S.E.M) 



Normal 


MPTP 


(-) 












Control 


Test Compound 


(-) 




2205 


±232. 


.3 




MPTP 


MPTP 


( + ) 














Test Compound 


(-) 




60 


± 20, 


.8 


*# 


Compound 


MPTP 


( + ) 












2 


Compound 2 


( + ) 


2.5 


1265 


±316. 


.9 


* * 


Compound 


MPTP 


(+) 












8 


Compound 8 


(+) 


2.5 


800 


±156, 


.8 





**: p<0.01 (comparison with normal control group) 
20 **: p<0.01 (comparison with MPTP-treated group) 



Table 5-3 



Group Administration Dose of Amount of Active 

Test Compound Movements (average 
(mq/kq) count ± S.E.M) 



Normal 


MPTP 


(-) 










Control 


Test Compound 


(-) 




2078 


±180. 


2 


MPTP 


MPTP 


( + ) 












Test Compound 


(-) 




132 


± 65. 


,3 ** 


Compound 


MPTP 


( + ) 










2 


Compound 2 


(+) 


0.63 


610 


±147 . 


9 * 



**: p<0.01 (comparison with normal control group) 
^ *: p<0.05 (comparison with MPTP-treated group) 



45 



50 



55 
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Table 5-4 



Group Administration Dose of Amount of Active 

Test Compound Movements (average 
(mq/kq) count ± S.E.M) 



Normal 


MPTP 


(-) 










Control 


Test Compound 


(-) 




2326 ±147 


.1 




MPTP 


MPTP 


( + ) 












Test Compound 


(-) 




71 ± 37 


.2 




Compound 


MPTP 


( + ) 










10 


Compound 10 


( + ) 


10 


754 ±174 


.2 


* * 


Compound 


MPTP 


( + ) 










14 


Compound 14 


{ + ) 


10 


817 ±163 


.1 




♦*: p<0. 


01 (comparison 


with 


normal control group) 






**: p<0. 


01 (comparison 


with 


MPTP-treated 


group) 







Table 5-5 



Group Administration Dose of Amount of Active 

Test Compound Movements (average 
(mq/kq) count ± S.E.M) 



Normal 


MPTP 


(-) 






Control 


Test Compound 


(-) 


2574 ±165, 


. 9 


MPTP 


MPTP 


( + ) 








Test Compound 


(-) 


21 ± 5, 


.1 


Compound 


MPTP 


( + ) 






34 


Compound 34 


( + > 


10 157 ± 25. 


.0 


**: p<0. 


01 (comparison 


with 


normal control group) 




**: p<0. 


01 (comparison 


with 


MPTP-treated group) 





45 



50 



55 
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Table 5-6 



Group Administration Dose of Amount of Active 

Test Compound Movements (average 
(mq/kq) count ± S.E.M) 



Normal 


MPTP 


(-) 












Control 


Test Compound 


(-) 






2349 


±121 


, 7 


MP TP 


MPTP 


( + ) 














Test Compound 


(-) 






44 


± 14 


.4 ♦* 


Compound 


MPTP 


( + ) 












20 


Compound 20 


(+) 


2 


.5 


937 


±189 


.5 ** 


Compound 


MPTP 


( + ) 












107 


Compound 107 


( + ) 


2 


.5 


604 


±192 


.6 * 



p<0.01 (comparison with normal control group) 
*: p<0.05 ; **: p<0.01 (comparison with MPTP-treated group) 



Table 5-7 



Group 



Administration 



Dose of 
Test Compound 
(mq/kq) 



Amount of Active 
Movements (average 
count ± S.E.M) 



Normal MPTP (-) 

Control Test Compound (-) 



MPTP 



L-DOPA 



MPTP (+) 
Test Compound (-) 



MPTP 
L-DOPA 



( + ) 



300 



1875 ± 77.7 



207 ± 85.5 *♦ 



561 ±271.011) 



**: p<0.01 (comparison with normal control group) 
1) : no significant difference as compared with MPTP-treated 
group) 
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Table 5-8 



Group Administration Dose of Amount of Active 

Test Compound Movements (average 
(mq/kg) count ± S.E.M) 



10 


Normal 
Control 


MP TP 
Test Compound 


(-) 
(-) 


1984 ±122 


.3 




MP TP 


MP TP 
Test Compound 


( + ) 
(-) 


. - 41 ± 14 


,3 


15 


Bromo- MPT? 
criptine Bromocriptine 


( + ) 
(+) 


40 1739 ±494 


.9 ** 




p<0. 
**: p<0. 


01 (comparison 
01 (comparison 


with 
with 


normal control group) 
MPTP-treated group) 





20 



Table 5-9 



25 



30 



35 



40 



Group 



Administration 



Dose of 
Test Compound 



Amount of Active 
Movements (average 
count ± S.E, 



Normal 


MP TP 


(-) 












Control 


Test Compound 


(-) 




2574 


±165 


.9 




MP TP 


MPTP 


( + ) 














Test Compound 


(-) 




21 


± 5 


.1 


«# 


Bromo- 


MPTP 


( + ) 












criptine 


Bromocriptine 


( + ) 


10 


66 


± 35 


,4 


1) 



**: p<0.01 (comparison with normal control group) 

: no significant difference as compared with MPTP-treated 
group) 



As shown in Table 5, L-DOPA (metabolic precursor of dopamine) and bromocriptine (dopamine receptor 
agonist), which are conventionally used drugs for Prakinson's disease, exhibited only a weak inhibitory activity 
against the depression of locomotor activity caused by MPTP by oral administration at a dose of 300 and 40 
45 mg/kg, respectively. On the other hand, Compounds (I) showed a potent Inhibitory activity at a dose of 10 
mg/kg or less than 10 mg/kg. 



Experimental Example 4 Effect on Haloperidol-lnduced Catalepsy 



50 Parkinson's disease is a clinical syndrome caused by degeneration of nigrostriatal dopaminergic neurons. 
Systemic administration of haloperidol (dopamine D1/D2 antagonist) induces catalepsy resulting from the block- 
ade of postsynaptic dopamine D2 receptors. It is generally accepted that this haloperidol-lnduced catalepsy is 
a classical model of parkinsonism in hunnans [Eur. J. Pharmacol.. 182 . 327 (1990)]. 

The experiment was performed by using several groups of 5-weeks-old male ddY mice (weighing 22 to 

55 24 g, Japan SLC). each group consisting of 5 mice. Haloperidol (Janssen Pharmaceutica) suspended in 0.3% 
CMC was intraperitoneally administered to each mouse at a dose of 1.0 mg/kg. Test compounds were sus- 
pended in 0.3% CMC or in injectable distilled water (Otsuka Pharmaceutical Co.. Ltd.) containing Tween 80. 
L-DOPA (Kyowa Hakko Kogyo Co., Ltd.) and benserazide hydrochloride (Kyowa Hakko Kogyo Co.. Ltd.) were 
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suspended in 0.3% CMC. One hour after the haioperidol administration, the test compound suspensions and 
the control suspension (injectable distilled water (Otsuka Pharmaceutical Co.. Ltd.) containing Tween 80] con- 
taining no test compound were orally administered to separate groups of the mice (0.1 ml per 10 g of l>ody 
weight). One hour after the administration of the test compound, theforelimbsof each mouse and subsequently 
5 the hindlimbs of the same mouse were placed on a 4.5 cm-high, 1 .0 cm-wide bar and catalepsy was estimated. 
All of the test compounds were orally administered at a dose of 10 mg/kg. and L-DOPA (100 mg/kg) and ben- 
serazlde (25 mg/kg) were intraperitoneally administered together as a control experiment The catalepsy score 
and the standard of Judgment are shown below. 



10 


score 


duration of the cataleptic posture 




0: 


forelimbs 


less than 5 seconds 






hindlimbs 


less than 5 seconds 


IS 


1: 


forelimbs 


from 5 (inclusive) to 10 (exclusive) seconds 






hindlimbs 


less than 5 seconds 




2: 


forelimbs 


10 seconds or more 


20 




hindlimbs 


less than 5 seconds 




3: 


forelimbs 


from 5 (inclusive) to 10 (exclusive) seconds 






hindlimbs 


from 5 (inclusive) to 10 (exclusive) seconds; 


25 




or forelimbs 


less than 5 seconds 






hindlimbs 


5 seconds or more 




4: 


forelimbs 


10 seconds or more 


30 




hindlimbs 


from 5 (inclusive) to 10 (exclusive) seconds; 






or forelimbs 


from 5 (inclusive) to 10 (exclusive) seconds 






hindlimbs 


10 seconds or more 


35 


6: 


forelimbs 


10 seconds or more 






hindlimbs 


10 seconds or more 



The effect of the compounds was evaluated by the total of the catalepsy scores of five mice in each group 
40 (25 points at the full). The groups wherein the total score was not more than 20 points were estimated to be 
effective. The number of the animals showing remission against catalepsy Is the number of the mice for which 
the catalepsy score was not nr>ore than 4 points. The remission rate shows the rate of decrease in total score 
based on that of the control group. 

The ED50 (50% effective dose) values were determined using ten mice at each dose. A test compound was 
45 judged to be effective at the dose where the catalepsy score was 3 or less than 3. The ED50 values were cal- 
culated by Probit analysis. 

The results are shown in Table 6. 
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Table 6-1 









Number of the Ani- 








Compound 


Total Score 


mals Showing Remis- 


Remission Rate (%) 


EDso (mg/kg) 


5 






sion 








0.3% Tween 80 
(Control) 


25 


0 


0 




10 


L-DOPA+benser- 
azide 


18 


4 


28 


107.5 




2 


2 


5 


80 


0.03 




6 


6 


5 


76 


1.7 


15 


8 


2 


5 


92 


0.23 




10 


8 


5 


68 


0.24 




12 


12 


5 


52 


2.7 


on 


14 


1 


5 


92 


0.6 




16 


4 


5 


84 


0.76 




18 


4 


5 


84 


1.9 


25 


20 


7 


5 


72 


0.35 




21 


19 


4 


24 






22 


20 


3 


20 




30 


31 


16 


4 


36 






32 


17 


4 


32 






34 


8 


5 


68 


2.6 


35 


36 


6 


5 


76 


1.5 




38 


8 


4 


68 


2.5 




40 


3 


5 


88 




40 


44 


17 


3 


32 






50 


19 


4 


24 


3.8 




52 


10 


5 


60 


1.7 



45 



SO 
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Table 6-2 









Number of the Ani- 








LrOnipouria 


lOlal OCOio 


iiieiio oiiuwiiiy rvtsiiiio' 






5 






sion 








0.3% Tween 80 
(Control) 




0 


0 




10 


L-DOPA + benser- 
dzids 


18 


4 


28 


107.5 






A O 

18 


c 
0 








56 


14 


e 


44 




15 


DO 


17 


o 
o 








04 


^1 o 

16 




oo 






67 


9 


c 
0 


04 




20 


68 


5 




Aft 






70 


14 


A 

4 


I** 






7o 


15 


4 






25 


78 


18 


-a 


Oft 






82 


9 


c 
O 


D4 






Oil 

84 


17 


4 






Of) 
OKI 


o& 

86 


16 


o 


OD 






90 


A A 

14 


4 


AA 






92 


12 


4 


52 




35 


103 


16 


3 


36 






107 


3 


5 


92 


0.01 




109 


4 


5 


84 




40 


110 


20 


3 


20 






112 


4 


5 


84 






113 


19 


3 


24 





45 

Experimental Example 5 Augmentation of the Contralateral Rotation in Rats with a 6-Hydroxydopa- 
mine-lnduced Unilateral Lesion of the Nigrostriatal Dopamine Pathway 



When a unilateral lesion of the nigrostriatal pathway is induced by 6-hydroxydopamlne in rodents, the sen- 
sitivity of dopamine receptors in the denervated striatum is enhanced. Administration of a dopamine agonist 
to the rodents in such a condition Induces a rotational behavior to the side contralateral to the lesloned side 
[Acta Physiol. Scand.. 367. 69 (1971)]. This model has been used for a long time as a model for the study of 
Parkinson's disease and in the screening of drugs for this disease [Neurol. NeurobioL, 33, 1 (1987)]. 

Male Sprague-Dawley rats (weighing 200 to 240 g, Japan SLC) were pretreated with desipramlne hydro- 
chloride (25 mg/kg, i.p., Sigma Co.) 30 minutes before surgery to protect noradrenergic neurons. Then, the 
animals were anesthetized with sodium pentobarbital (30 mg/kg. i.p., Dainippon Pharm. Co., Ltd.) and the ni- 
grostriatal pathway was lesloned by Injection of 6-hydroxydopamlne hydrobromide (8 ^lg. Signna Co.) into the 
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left medial forebrain bundle. 6-Hydroxydopamlne hydrobromide was dissolved in physiological saline contain- 
ing 0.05% L-ascorbic acid (Wako Pure Chem. Industries, Ltd.) to make 2 ^1 of solutton and Injected over 3 min- 
utes. 

More than 10 days after surgery, each rat was placed in a plastic bowl (30 cm in diameter). Apomorphine 
5 (0.1 mg/kg. Sandoz, AG) was Injected subculaneously and the rats whteh showed a rotational behavior to the 
side contralateral to the lesioned side at a frequency of more than 600 counts/60 minutes after apomorphine 
administration were used for screening. The number of rotations was counted with an automated rotometer. in 
which each ISO"" turn was counted as a rotation. 

Test compounds were suspended In 0.3% sodium carboxymethylcellulose and administered orally at a 
10 dose of 1 mg/kg 30 minutes before the injection of apomorphine (0.1 mg/kg, s.c). The counts of rotations were 
summed up every 5 minutes for 150 minutes after apomorphine administration. The total rotatton counts In- 
duced by apomorphine (0.1 mg/kg. s.c.) with and without a test compound were stattsfa'cally compared, using 
the sanr>e animals. Rats were allowed to rest more than 5 days between each experiment Statistical compar- 
ison of the values was carried out by Sign-Wilcoxon test 
15 The results are shown in Table 7. 



Table 7 





total amount of rotations 




(average count ± S.E.M.) 


Compd. 






test compound 




apomorphine 


+ apomorphine 


2 


1102 ± 


94 


1584 ± 196* 


8 


1003 ± 


84 


1406 ± 155* 


.10 


1097 ± 


147 


1637 + 127* 


14 


1006 ± 


81 


1378 ± 216* 


107 


1041 ± 


51 


1490 ± 146* 



* : p<0.05 



Compounds (I) and pharmaceutically acceptable salts thereof can be administered as they are, or in the 
35 form of various pharmaceutical compositions. The pharmaceutical compositions in accordance with the pres- 
ent invention can be prepared by uniformly mixing an effective amount of Compound (I) or a pharmaceuttoally 
acceptable salt thereof, as an active ingredient with a pharmaceutically acceptable carrier. It is desired that 
such pharmaceutical compositions are prepared in a unit dose form suitable for oral administration or admin- 
istration through injection. 

40 For preparing a pharmaceutical composition for oral administration, any useful pharmaceutically accept- 
able carrier can be used. For example, liquid preparations for oral administration such as suspension and syrup 
can be prepared using water, sugars such as sucrose, sorbitol and fructose, glycols such as polyethylene glycol 
and propylene glycol, oils such as sesame oil, olive oil and soybean oil, preservatives such as p-hydroxyben- 
zoates, flavors such as strawberry flavor and peppermint and the like. Powders, pills, capsules and tablets 

45 can be prepared using exciplents such as lactose, glucose, sucrose and mannitol, disintegrating agents such 
as starch and sodium alginate, lubricants such as magnesium stearate and talc, binders such as polyvinyl al- 
cohol, hydroxypropyl cellulose and gelatin, surfactants such as fatty acid estere, plasticizers such as glycerin, 
and the like. Tablets and capsules are most useful oral unit dose forms because of the readiness of adminis- 
tration. For preparing tablets and capsules, solid pharmaceutical carriere are used. 

50 Solutions of injectable preparations can be prepared using a carrier such as distilled water, a salt solution, 
a glucose solution or a mixture of a salt solution and a glucose solution. The preparations can be prepared in 
the form of solution, suspension or dispersion according to a conventional method by using a suitable auxiliary. 

Compounds (I) and pharmaceutically acceptable salts thereof can be administered orally in the said dos- 
age fornrts or parenterally as injections. The effective dose and the administration schedule vary depending 

55 upon mode of administration, age. body weight and conditions of a patient, etc. However, generally. Compound 
(I) or a pharmaceutically acceptable salt thereof is administered in a daily dose of 0.01 to 25 mg/kg in 3 to 4 
parts. 

In addition, Compounds (I) may also be administered by inhalation in the form of aerosol, fine powder, or 
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spray solution. In the case of aerosol administration, the compound of the present invention is dissolved in an 
appropriate pharmaceutically acceptable solvent such as ethyl alcohol and a combination of misclble solvents, 
and the resulting solution is mixed with a pharmaceutically acceptable propellent. 

Certain embodiments of the Invention are illustrated in the following examples and reference examples. 

5 

Example 1 

(E)-8-(3.4-Dimethoxystyryl)-1,3-diethylxanthine (Compound 1) 
3.4-Dimethoxycinnamicacid (1.39g, 6.67 mnrwl) and 3-(3-diethylaminopropyl)-1-ethylcarbodiimide hydro- 

10 chloride (1 .74 g, 9.09 mmol) were added to a mixture of dioxane (40 ml) and water (20 ml) containing 5,6-dia- 
mino-1,3-diethyluracil [J. Am. Chem. Soc. 75, 114 (1953)] (1 .20 g. 6.06 mmd). The resultant solution was stir- 
red at room temperature for 2 hours at pH 5.5. After neutralization, the reaction solution was extracted three 
times with 50 ml of chloroform. The combined extract was washed with a saturated aqueous solution of sodium 
chloride and dried over anhydrous sodium sulfate, followed by evaporation under reduced pressure. 

IS To the residue were added 10 ml of dioxane and 15 ml of an aqueous IN sodium hydroxide solution, fol- 
lowed by heating under reflux for 20 minutes. After cooling, the solution was neutralized and 20 ml of chloroform 
was added thereto. The organic layer was separated and the aqueous layer was extracted twice with 20 ml 
of chloroform. The combined extract was washed with a saturated aqueous solution of sodium chloride and 
dried over anhydrous sodium sulfete, followed by evaporation under reduced pressure. The residue was purn 

20 f ied by silica gel column chromatography (eluent 2% nwthanol/chloroform). followed by recrystallization from 
toluene to give 1.06 g (yield 47%) of Compound 1 as pale yellow needles. 
Melting Point 268.8-269.1«C 

Elemental Analysis: C19H22N4O4 

25 

Calcd. (%) : C, 61,61; H, 5.98; N, 15.12 
Found (%) : 61.99; H, 6.00; N, 14.91 

30 IR (KBr) (cm-i): 1694, 1641, 1514. 1492 

NMR (270MHz; DMSO-de) 5 (ppm): 13.35(1H, brs), 7.59 (1H. d. J=16.2Hz). 7.27(1H. d, J=1.4Hz). 
7.14(1H. dd, J=1.4, 8.2Hz). 6.99(1H, d. J=8.2Hz), 6.96(1H, d, J=16.2Hz), 4.06(2H, q. J=7.0Hz), 3.91(2H, q, 
J=7.0Hz), 3.83(3H. s), 3.79(3H, s). 1.26(3H, t. J=7.0Hz). 1.14(3H, t. J=7.0Hz) 

35 Example 2 

(E)-8-(3,4-Dimethoxystyryl)-1,3-diethyl-7-methyixanthine (Compound 2) 
Compound 1 (1 .20 g, 3^4 mmol) obtained In Example 1 was dissolved in 25 ml of dimethylfbrmamtde. To 
the solution were added 1 .12 g (8.10 mmol) of potassium carbonate and subsequentiy 0.40 ml (6.49 mmd) of 

40 methyl iodide, and the resultant mixture was stirred at 50''C for 30 minutes. After cooling, insoluble matters 
were filtered off. and 1 00 ml of water was added to the filtrate. The mixture was extracted three times with 50 
ml of chloroform. The extract was washed twice with water and once with a saturated aqueous solution of so- 
dium chloride, and dried over anhydrous sodium sulfete. followed by evaporation under reduced pressure. The 
obtained crude crystals were purified by silica gel column chromatography (eluent: 40% ethyl acetate/hexane), 

45 followed by recrystallization from isopropand to give 840 mg (yield 68%) of Compound 2 as pale yellow nee- 
dles. 

Melting Point 190.4-191.3*'C 



Elemental Analysis: C20H24N4O4 


Calcd. (%): 
Found (%): 


C, 62.48; 
C, 62.52; 


H, 6.29; 
H, 6.53; 


N, 14.57 
N, 14.56 



IR (KBr) vmax (cm-i): 1697. 1655. 1518 

NMR (270MHz; CDCI3) 6 (ppm): 7.74(1H, d, J=15.5Hz), 7.18(1H. dd. J=1.9, 8.3Hz), 7.08(1H, d, 
J=1.9Hz), 6.89(1 H. d, J=8.3Hz), 6.77(1 H, d, J=15.5Hz), 4.21 (2H, q, J=6.9Hz), 4.09(2H, q. J=6.9Hz), 4.06(3H, 
s). 3.96{3H. s), 3.93(3H. s), 1.39(3H, t. J=6.9Hz), 1.27(3H, t, J=6.9Hz) 
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Example 3 

(E)-8-(2,3-Dimethoxystyryl)-1.S-diethyixanthine (Compound 3) 
Substantially the same procedure as in Example 1 was repeated using 2.0 g (10.1 mnnol) of 5,6-diamino- 
1,3-diethyturacil and 2.52 g (12.1 mmol) of 2,3-dimethoxyclnnamic acid. Then, the resultant crude crystals 
were recrystallized from dimethylsutfoxide/water to give 1 .72 g (yield 46%) of Compound 3 as a white powder. 
Melting Point 287.5-289.4^C 



Elemental Analysis: C19H22N4O4 


Calcd. (%): 
Found (%): 


C, 61.61; 
C, 61.56; 


H, 5.98; 
H, 6.11; 


N, 15.12 
N, 14.83 



IR (KBr) v™« (cm-1): 1697, 1656. 1500 

NMR(270MHz; DMSO-de) 6 (ppm): 13.64(1H. brs). 7.84 (1H, d, J=16.8Hz), 7.29(1H, dd. J=1.7, 7.6Hz), 
7.15-7.00(3H, m), 4.07(2H, q, J=7.0Hz), 3.94(2H, q, J=7.0Hz). 3.83(3H, s), 3.79(3H, s), 1.26(3H, t. J=7.0Hz), 
1.14(3H. t, J=7.0Hz) 

Example 4 

(E)-8-(2,3-Dimethoxystyryl)-1.3-diethyl-7-methylxanthine (Compound 4) 
Substantially the same procedure as in Example 2 was repeated using 1.60 g (4.32 mmol) of Compound 
3 obtained In Example 3 in place of Compound 1. Then, the resultant crude crystals were recrystallized from 
cydohexane/toluene to give 1.21 g (yield 73%) of Compound 4 as a pale yellow powder. 

Melting Point 1 94.9-1 95.6X 



Elemental Analysis: C20H24N4O4 


Calcd. (%): 
Found (%): 


C, 62.48; 
C, 62.67; 


H, 6.29; 
H, 6.48; 


N, 14.57 
N, 14.31 



IR (KBr) (cm-i): 1694, 1660, 1272 

NMR (270MHz; CDCI3) 6 (ppm): 8.00(1H, d, J=16.8Hz), 7.19(1H. dd, J=1.3, 7.9Hz). 7.15.7.00(2H, m), 
6.93 (1H, dd, J=1.3, 7.9Hz), 4.26(2H, q, J=6.9Hz). 4.09 (2H, q, J=6.9Hz), 4.05(3H, s), 3.91 (3H. s). 3.90 (3H, 
s). 1.39(3H, t, J=6.9Hz), 1.27(3H. t, J=6.9Hz) 

Example 5 

(E)-8-(2,4-Dimethoxystyryl)-1.3-diethylxanthine (Compound 5) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (1 2.6 mmol) of 5.6-diamino- 
1,3-diethyluracO and 2.89 g (13.9 mmol) of 2.4-dimethoxycinnamic acid. Then, the resultant crude crystals 
were recrystallized from dimethylformamide/ethanol to give 0.92 g (yield 20%) of Compound 5 as yellow crys- 
tals. 

Melting Point 278.7-279.8X 



Elemental Analysis: CigH22N404 


Calcd. (%): 
Found (%): 


C, 61.61; 
C, 61.65; 


H, 5.98; 
H, 5.95; 


N, 15.12 
N. 14.74 



IR (KBr) (cm-i): 1698. 1640. 1509, 1292 

NMR (270MHz; DMSO-de) 5 (ppm): 13.43(1H, brs). 7.77 (1H. d, J=16.8Hz), 7.54(1H, d, J=8.4Hz). 
6.95(1H, d. J=16.8Hz), 6.63(1H. d, J=2.5Hz), 6.60(1H, dd. J=2.5, 8.4Hz). 4.06(2H, q, J=6.9Hz), 3.93(2H, q, 
J=6.9Hz). 3.89(3H. s). 3.82(3H. s). 1.25(3H. t, J=6.9Hz), 1.13(3H. t, J=6.9Hz) 
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Example 6 

(E)-8-(2.4-Dimethoxystyryl)-1,3-diethyl-7-melhylxanthine (Compound 6) 
Substantially the same procedure as In Example 2 was repeated using 400 mg (1 .08 mmol) of Compound 
5 obtained in Example 5 in place of Compound 1. Then, the resultant crude crystals were recrystallized from 
hexane/ethyl acetate to give 335 mg (yield 81%) of Compound 6 as yellow needles. 

Melting Point 1 95.9-1 96.7«C 



Elemental Analysis: C20H24N4O4 


Calcd. (%): 
Found (%): 


C, 62.48; 
C, 62.29; 


H, 6.29; 
H. 6.51; 


N, 14.57 
N. 14.66 



IR (KBr) (cm-i): 1693, 1654, 1603. 1294 

NMR (270MHz; CDO^) 6 (ppm): 7.93(1 H. d. J=15.8Hz). 7.48(1 H, d. J=8.3Hz), 6.97(1 H. d. J=15.8H2), 
6.53 (1H, dd, J=2.0, 8.3Hz). 6.49(1 H, d, J=2.0Hz), 4.22 (2H. q. J=6.9Hz), 4.08(2H, q. J=6.9Hz), 4.02(3H, s), 
3.92(3H, s). 3.86(3H. s), 1.38(3H, t, J=6.9Hz), 1.26(3H, t, J=6.9Hz) 

Example 7 

(E)-1,3-Diethyl-8-(2.3.4-trimethoxystyryl)xanthlne (Compound 7) 
Sut>stantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mnnol) of 5,6-diamino- 
1,3-diethyluracfl and 2.3 g (13.9 mmol) of 2.3,4-trimethoxycinnamic add. Then, the resultant crude crystals 
were recrystallized from dioxane/water to give 2.85 g (yield 57%) of Compound 7 as white crystals. 

Melting Point 276.3-277.0*>C 

Elemental Analysis: C20H24N465 

Calcd. (%) : C, 59.99; H, 6.04; N, 13.99 
Found (%) : C, 60.26; H, 6.24; N, 14.28 

IR (KBr) vmax (cnri): 1696. 1655, 1500 

NMR (270MHz; CDCI3) 6 (ppm): 1 2.39(1 H, brs), 7.88(1 H, d. J=16.3Hz), 7.30(1 H. d, J=8.4Hz), 7.09(1 H, 
d, J=16.3Hz), 6.73(1H, d, J=8.4Hz), 4.26(2H, q, J=6.9Hz), 4.20(2H, q, J=6.9Hz), 3.96(3H, s), 3.92 (3H, s), 
3.91(3H. s), 1.41(3H. t. J=6.9Hz), 1.29 (3H, t, J=6.9Hz) 

Example 8 

(E)-1.3-Diethyl-7-methyl-8-(2.3,4-trimethoxystyryl)xanthine (Compound 8) 
Substantially the same procedure as in Example 2 was repeated using 1.5 g (3.75 mmol) of Compound 7 
obtained In Example 7 in place of Compound 1. Then, the resultant crude crystals were recrystallized from 
hexane/ethyl acetate to give 1.32 g (yield 85%) of Compound 8 as colorless needles. 

Melting Point 1 52.9-1 54.3«C 



Elemental Analysis: C2iH2eN405 


Calcd. (%): 
Found (%): 


C, 60.86; 
C. 61.04; 


H, 6.32; 
H, 6.44; 


N. 13.52 
N, 13.79 



IR (KBr) vmax (cm-i): 1695, 1655, 1498. 1289 

NMR (270MHz; CDCI3) 8 (ppm): 7.88(1 H, d, J=15.8Hz), 7.28(1 H, d, J=8.9Hz). 7.01 (1H, d, J=15.8Hz), 
6.72 (1H, d, J=8.9Hz), 4.22(2H, q. J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.04(3H, s), 3.97(3H. s), 3.91 (3H, s), 
3.90(3H. s). 1.38(3H. t. J=6.9Hz), 1.27(3H, t. J=6.9Hz) 
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Example 9 

(E)-1 ,3-Diethyl-8-(4-methoxy-2,3-dimethy1styryl)xanthine (Compound 9) 
Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mmol) of 5.6-diamino- 
1.3-dlethyluracil and 2.9 g (13.9 mmol) of 4-methoxy-2.3-dimethylcinnamic acid. Then, the resultant crude 
crystals were recrystallized from ethanol/water to give 0.80 g (yield 17%) of Compound 9 as white crystals. 
Melting Point >280.0''C 



Elemental Analysis: C20H24N4O3 


Calcd. (%): 
Found (%): 


C. 65.20; 
C. 65.24; 


H, 6.56; 
H.6.61; 


N. 15.21 
N. 15.29 



IR (KBr) v„^ (cm-i): 1697, 1642. 1496. 1270 

NMR (270MHz; DMSO-de) 6 (ppm): 13.52(1H. brs), 7.93 (1H. d. J=15.8Hz). 7.56(1H. d. J=8.2Hz), 
6.89(1H, d, J=8.2Hz), 6.82(1H. d, J=15.8Hz). 4.06(2H, q. J=6.9Hz). 3.94(2H. q. J=6.9Hz), 3.81(3H. s). 2.33 
(3H. s). 2.13(3H, 8), 1.26(3H, t. J=6.9Hz), 1.14 (3H. t, J=6.9Hz) 

Example 10 

(E)-1 .3-Dlethyl-8-(4-methoxy-2.3-dimethylstyryl)-7-methylxanthlne (Compound 10) 
Sut»stantially the same procedure as in Example 2 was repeated using 500 mg (1 .36 mmol) of Compound 
9 obtained In Example 9 in place of Compound 1. Then, the resultant crude crystals were recrystallized from 
hexane/ethyl acetate to give 493 mg (yield 95%) of Compound 10 as pale yellow needles. 

Melting Point 207.7-208.3X 



Elemental Analysis: C21H26N4O3 


Calcd. (%): 
Found (%): 


C. 65.95; 
C, 66.24; 


H, 6.85; 
H, 6.99; 


N, 14.65 
N, 14.69 



IR (KBr) (cnrri): 1698. 1651. 1267 

NMR (270MHz; CDCI3) 5 (ppm): 8.08(1 H, d. J=15.2Hz), 7.46(1 H, d. J=8.9Hz). 6.77(1 H. d, J=8.9Hz), 6.67 
(1H. d. J=1 5.2Hz). 4.22(2H, q, J=6.9Hz). 4.09{2H. q, J=6.9Hz). 4.03(3H. s). 3.86(3H. s), 2.40(3H, s). 2.21(3H. 
s). 1.39(3H. t, J=6.9Hz). 1.26(3H, t. J=6.9Hz) 

Example 11 

(E)-1.3-Dlethyl-8-(4-methoxy-2,5-dimethylstyryl)xanthine (Compound 11) 
Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mmo\) of 5,6-diamino- 
1,3-diethyluracil and 2.9 g (13.9 mmol) of 4-methoxy-2,5-dimethylcinnamic acid. Then, the resultant crude 
crystals were recrystallized from dioxane/water to give 2.43 g (yield 52%) of Compound 1 1 as white crystals. 
Melting Point >280.0<»C 



Elemental Analysis: C20H24N4O3 


Calcd. (%): 
Found (%): 


C, 65.20; 
C, 64.83; 


H, 6.56; 
H, 6.56; 


N, 15.21 
N. 15.43 



IR (KBr) v™, (cnrri): 1690, 1646, 1510, 1265 

NMR (270MHz; DMSO-dg) 6 (ppm): 13.52(1H, brs), 7.82 (1H, d, J=16.3Hz). 7.54(1H, s), 6.86(1H. d. 
J=16.3Hz). 6.82(1H, s). 4.06(2H. q, J=6.9Hz), 3.94 (2H, q, J=6.9Hz), 3.81(3H, s). 2.41(3H, s). 2.14 (3H. s). 
1.25(3H, t. J=6.9Hz), 1.14(3H, t, J=6.9Hz) 
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Example 12 

(E)-1 ,3-Diethyl-&-(4-methoxy-2,5-dimethylstyryl)-7-methylxanthine (Compound 12) 
Substantially the same procedure as In Example 2 was repealed using 1.10 g (2.98 mmol) of Compound 
11 obtained in Example 11 in place of Compound 1. Then, the resultant crude crystals were recrystallized from 
ethyt acetate to give 0.76 g (yield 67%) of Compound 12 as yellow needles. 

Melting Point 235.4-236. rc 



Elemental Analysis: C21H26N4O3 


Calcd. (%): 
Found (%): 


C, 65.95; 
C. 65.56; 


H. 6.85; 
H, 6.93; 


N. 14.65 
N. 14.64 



IR (KBr) Vmax (cm-i): 1689, 1657, 1510. 1263 

NMR (270MHz; CDQa) 8 (ppm): 7.97(1H. d, J=15.5Hz). 7.42(1H. s). 6.71(1H, d, J=15.5Hz). 6.66(1H, 
s), 4.22(2H, q, J=6.9Hz). 4.09(2H, q. J=6.9Hz), 4.05 (3H. s). 3.86(3H, s). 2.48(3H. s), 2.23(3H, s). 1.38(3H, t. 
J=6.9Hz), 1 .26(3H, t, J=6.9Hz) 

Example 13 

(E)-8-(2,4-Dlmethoxy-3-methylstyryl)-1,3-diethylxanthine (Compound 13) 
Substantially the same procedure as in Example 1 was repeated using 2.0 g (10.1 mmol) of 5,6-diamino- 
1.3-diethyiuracfl and 2.04 g (9.19 mmol) of 2,4-dimethoxy-3-methyicinnamlc acid. Then, the resultant crude 
crystals were recrystallized from dioxane/water to give 1 .22 g (yield 32%) of Compound 1 3 as a yellow powder. 

Melting Point >275.0°C 



Elemental Analysis: C20H24N4O4 


Calcd. (%): 
Found (%): 


C. 62.48; 
C, 62.28; 


H, 6.29; 
H, 6.42; 


N. 14.57 
N. 14.22 



IR (KBr) Vmax(aTri): 1696, 1635. 1592, 1499 

NMR (270MHz; DMSO-de) S (ppm): 7.75(1 H . d. J=1 6.5Hz), 7.58(1 H, d, J=8.8Hz), 6.99(1 H. d, J=1 6.5Hz), 
6.85 (1H. d, J=8.8Hz). 4.04(2H, q, J=6.9Hz), 3.95(2H, q, J=6.9Hz), 3.83(3H, s), 3.70(3H, s). 2.a9(3H, s), 
1.26(3H, t, J=6.9Hz), 1.14(3H, t, J=6.9Hz) 

Example 14 

(E)-8-(2.4-Dimethoxy-3-methylstyry1)-1 .3-diethyl-7-methylxanthine (Compound 14) 
Substantially the same procedure as in Example 2 was repeated using 700 mg (1 .82 mmol) of Compound 
13 obtained in Example 1 3 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
cydohexane/toluene to give 610 mg (yield 84%) of Compound 14 as pale yellow needles. 

Melting Point 196.1-196.8«C 



Elemental Analysis: C21H26N4O4 


Calcd. (%): 
Found (%): 


C. 63.30; 
C. 63.32; 


H, 6.57; 
H, 6.74; 


N, 14.06 
N, 14.13 



IR (KBr) (cm-1): 1695. 1649. 1498 

NMR (270MHz; CDCI3) 6 (ppm): 7.81(1H. d, J=15.8Hz), 7.78 (1H, d, J=8.6Hz). 7.23(1H. d. J=15.8Hz), 
6.87 (1H, d, J=8.6Hz). 4.07(2H. q, J=6.9Hz), 4.01(3H. s), 3.92(2H, q. J=6.9Hz), 3.85(3H. s), 3.70(3H, s), 
2.10(3H, s), 1.27(3H, t, J=6.9Hz), 1.13(3H, t. J=6.9Hz) 
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Example 15 

(E)-1.3-Diethyl-8-(3.4-methylenedioxystyryl)xanthine (Compound 15) 
Substantially the same procedure as in Example 1 was repeated using 2.0 g (10.1 mnnol) of 5,6-diamino- 
1 .3-diethy1uraca and 2.33 g (12.1 mnnol) of 3,4-methylenedioxycinnamic acid. Then, the resultant aude crys- 
tals were recrystallized from dimethytformamide/water to give 1.34 g (yield 38%) of Compound 15 as a yel- 
lowish green powder. 

Melting Point >275.0*'C 

Elemental Analysis: C18H18N4O4 

Calcd. (%) ; C, 61.01; H, 5.11; N, 15.81 
Found (%) ; C, 61.16; H, 5.03; N, 15.80 

IR (KBr) (cm-1): 1685. 1638. 1499 

NMR (270MHz; DMSO-d«) 6 (ppm): 7.55(1H. d. J=16.3Hz). 7.30(1H. s). 7.08(1H, d. J=8.9Hz). 6.96(1H, 
d. J=8.9Hz). 6.90(1 H. d. J=16.3Hz). 6.07(2H, s), 4.05 (2H, q. J=6.9Hz). 3.93(2H, q, J=6.9Hz). 1.25(3H. t. 
J=6.9Hz). 1.10(3H. t, J=6.9Hz) 

Example 16 

(E)-1 .3-Diethyl-7-methyl-8-(3.4-methylenedioxystyryl)xanthine (Compound 1 6) 
Substantially the same procedure as in Example 2 was repeated using 1 .35 g (3.81 mmol) of Compound 
1 5 obtained in Example 1 5 In place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
cydohexane/toluene to give 940 mg (yield 67%) of Compound 16 as yellow needles. 

Melting Point 21 9.4-21 9.6*»C 



Elemental Analysis: C19H20N4O4 


Calcd. (%): 
Found (%): 


C. 61.94; 
C, 62.09; 


H, 5.47; 
H, 5.41; 


N. 15.20 
N. 15.16 



IR (KBr) v„^ (cm-1): 1687. 1657. 1569. 1498. 1443 

NMR (270MHz; CDO^) 6 (ppm): 7.70(1 H. d. J=15.5Hz), 7.10(1H. d. J=1.6Hz). 7.06(1 H. dd, J=1.6, 
8.0Hz). 6.84(1H, d. J=8.0Hz). 6.73(1H. d. J=15.5Hz). 6.02 (2H, s). 4.21(2H, q. J=6.9Hz), 4.09(2H, q, J=6.9Hz). 
4.04(3H. s). 1.38(3H. t. J=6.9Hz). 1.26 (3H, t, J=6.9Hz) 

Example 17 

(E)-8-[2-(1,4-Benzodioxan-6-yl)vinyl]-1.3-diethyixanthine (Compound 17) 
Substantially the same procedure as in Example 1 was repeated using 2.85 g (14.4 mmol) of 5.6-diamino- 
1.3-diethyIuracn and 2.70 g (13.1 mmol) of 3-(1.4-benzodioxan-6-yl)acrylic acid. Then, the resultant crude 
crystals were recrystallized from dioxane/water to give 2.45 g (yield 51%) of Compound 17 as a pale yellow 
powder. 

Melting Point >300'C 



Elemental Analysis: C19H20N4O4 


Calcd. (%): 
Found (%): 


C, 61.94; 
C.61.97; 


H, 5.47; 
H, 5.62; 


N, 15.20 
N, 15.07 



IR (KBr) (cnri): 1682. 1637. 1511. 1310 

NMR (270MHz; DMSO-de) 5 (PPm): 7.51(1 H. d, J=16.2Hz). 7.10-7.03(2H. m), 6.89(1H, d. J=7.9Hz). 
6.87(1 H. d. J=16.2Hz), 4.27(4H. s). 4.05(2H, q. J=6.9Hz). 3.93(2H. q, J=6.9Hz), 1 .22(3H. t, J=6.9Hz). 1 .13 (3H, 
t. J=6.9Hz) 
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Example 18 

(E)-8-[2-(1»4-Benzodioxan-6-yl)vinyl]-1,3-dielhyl-7-methyixanthine (Compound 18) 
Substantially the same procedure as in Example 2 was repeated using 2.00 g (5.43 mmol) of Compound 
17 obtained in Example 17 in place of Compound 1. Then, the resultant crude crystals were recrystallized from 
ethanol/isopropanol to give 1.58 g (yield 76%) of Compound 18 as yellow needles. 
Melting Point 233.1-233.6«C 



Elemental Analysis: C20H22N4O4 


Calcd. (%): 
Found (%): 


C. 62.81; 
C. 62.55; 


H. 5.79; 
H. 5.80; 


N. 14.65 
N. 14.60 



IR (KBr) v,„ax (cm-i): 1689. 1654. 1509 

NMR (270MHz; CDCI3) 6 (ppm): 7.67(1H, d. J=15.8Hz), 7.15-7.05(2H, m), 6.88(1H. d, J=8.3Hz). 
6.75(1H. d. J=15.8Hz). 4.30{4H, s). 4.21(2H, q, J=6.9Hz), 4.08(2H, q. J=6.9Hz), 4.03(3H, s). 1.39(3H, t. 
J=6.9Hz), 1.35(3H, t, J=6.9Hz) 

Example 19 

(E)-8-(2,3.4-Trimethoxystyryl)theophyillne (Compound 19) 
Substantially the sanrte procedure as in Example 1 was repeated using 5.00 g (29.4 mmol) of 5,6-diamino- 
1 .3-dimethyluracil and 7.71 g (32.4 mmol) of 2.3,4-trimethoxyclnnamic acid. Then, the resultant crude crystals 
were recrystallized from isopropanol/water to give 3.78 g (yield 35%) of Compound 19 as an ocher powder. 

Melting Point 264.8-266. rC 



Elemental Analysis: C1SH20N4O6 


Calcd. (%): 
Found (%): 


C, 58.05; 
C. 58.28; 


H,5.41; 
H. 5.38; 


N. 15.04 
N. 15.20 



IR (KBr) Vmax (cm-i): 1697. 1651. 1505. 1297 

NMR(270MHz; CDCI3) 6 (ppm): 12.78(1H. s). 7.91(1H. d, J=16.8Hz), 7.28(1H. d, J=9.4Hz). 7.13(1H. d, 
J=16.8Hz). 6.73(1 H. d. J=9.4Hz). 3.95(3H. s), 3.92 (3H. s). 3.90(3H, s). 3.69(3H, s), 3.54(3H. s) 

Example 20 

(E)-8-(2,3.4-Trimethoxystyryl)caffeine (Compound 20) 
Substantially the same procedure as in Example 2 was repeated using 2.00 g (5.38 mmol) of Compound 
1 9 obtained in Example 1 9 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
cydohexane/toluene to give 1 .68 g (yield 81%) of Compound 20 as a pale yellow powder. 
Melting Point 1 86.7-1 87.9X 



Elemental Analysis: C19H22N4O5 

Calcd. (%) : C, 59,06; H, 5.74; N, 14.50 

Found (%) : C, 59,27; H, 5,72; N, 14,60 

IR (KBr) (cnri): 1694. 1655, 1596. 1544. 1501, 1295 

NMR (270MHz; CDCU) 6 (ppm): 7.90(1 H. d, J=16.3Hz). 7.28(1 H. d, J=7.9Hz). 7.01 (1H, d, J=16.3Hz). 
6.72 (1H. d, J=7.9Hz), 4.04(3H, s). 3.97(3H. s), 3.91 (3H, s). 3.90(3H. s). 3.64(3H. s). 3.42(3H. s) 

Example 21 

(E)-8-(4-Methoxy-2,3-dimethyistyryl)theophylline (Compound 21) 
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Substantially the same procedure as in Example 1 was repeated using 1 .74 g (1 0.2 mmol) of 5,6-diamino- 
1 ,3-dimethyluracil and 2.42 g (1 1 .8 nnmol) of 4-methoxy-2,3-dimethylcinnamic acid. Then, the resultant crude 
crystals were recrystallized from acetonitrile to give 750 mg (yield 22%) of Compound 21 as a white powder. 
Melting Point >275*'C 



Elemental Analysis: C18H20N4O3 


Calcd. (%): 
Found (%): 


C, 63.51; 
C. 63.56; 


H. 5.92; 
H. 5.82: 


N, 16.46 
N, 16.30 



IR (KBr) v,™x (cm-i): 1703, 1634. 1593 

NMR (270MHz; DMSCMle) 8 (ppm): 1 3.45(1 H, s). 7.93(1 H. d. J=1 6.2Hz). 7.53(1 H, d. J=8.9Hz). 6.88(1 H. 
d. J=8.9H2), 6.79(1 H. d. J=16.2Hz). 3.80(3H. s). 3.75^3H. s). 3.25(3H, s). 2.32(3H. s). 2.12(3H, s) 

Example 22 

(E)-8-(4-Methoxy-2,3-dimethylstyryl)caffeine (Compound 22) 
Substantially the same procedure as in Example 2 was repeated using 500 mg (1 .47 mmol) of Compound 
21 obtained in Example 21 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
toluene to give 280 mg (yield 54%) of Compound 22 as a pale yellow powder. 

Melting Point >275«C 



Elemental Analysis: CioH22N403 


Calcd. (%): 
Found (%): 


C, 64.39; 
C. 64.44; 


H, 6.25; 
H. 6.27; 


N, 15.80 
N. 16.11 



IR (KBr) {arr'): 1694, 1650. 1544. 1491, 1435 

NMR (270MHz; CDOj) 5 (ppm): 7.96(1H. d. J=15.5Hz). 7.73(1H. d. J=8.6Hz). 7.07(1H. d, J=15.5Hz). 
6.90 (1H. d. J=8.6Hz). 4.02(3H, s), 3.82(3H. s), 3.48 (3H, s). 3.29(3H. s), 2.32(3H. s). 2.13(3H. s) 

Example 23 

(E)-8-(3,4-Methylenedioxystyryl)theophylline (Compound 23) 
Substantially the same procedure as in Example 1 was repeated using 5.0 g (29.4 mmol) of 5,6-diamino- 
1 .3-dimethyluracil and 6.78 g (35.3 mmol) of 3.4-methylenedioxycinnamic acid. Then, the resultant crude crys- 
tals were recrystallized from dimethylformamide/water to give 1.20 g (yield 13%) of Compound 23 as a pale 
yellow powder. 

Melting Point >275°C 



Elemental Analysis: CieHuN404 


Calcd. (%): 
Found (%): 


C. 58.99; 
C, 58.84; 


H. 4.32; 
H, 4.30; 


N. 17.16 
N. 16.97 



IR (KBr) (oTTi): 1692. 1642. 1499 

NMR (270MHz; DMSO-de) 5 (ppm): 7.57(1H, d, J=16.1Hz). 7.09(1H, s), 7.07(1H. d. J=7.9Hz). 6.92(1H, 
d, J=7.9Hz), 6.88(1 H. d, J=16.1Hz). 6.07(2H. s), 3.47 (3H. s). 3.30(3H, s) 

Example 24 

(E)-8-(3.4-Methylenedioxystyryl)caffeine (Compound 24) 
Substantially the same procedure as in Example 2 was repeated using 2.32 g (7.13 mmol) of Compound 
23 obtained in Example 23 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
dioxane to give 1.54 g (yield 64%) of Compound 24 as yellow needles. 
Melting Point >300*C 
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Elemental Analysis: Ci7HieN404 


Calcd. (%): 
Found (%): 


C. 59.99; 
C. 59.98; 


H, 4.73; 
H, 4.66; 


N, 16.46 
N, 16.38 



IR (KBr) v„^ (crrri): 1702, 1663. 1545. 1506 

NMR (270MHz; 000^) 8 (ppm): 7.72(1H, d, J=15.3Hz), 7.10(1H d. J=1.5Hz). 7.06(1H, dd. J=1.5, 
7.9Hz). 6.84(1H, d. J=7.9Hz). 6.73(1H. d. J=15.3Hz), 6.03 (2H. s). 4.05(3H. s). 3.63(3H. s). 3.42(3H. s) 

Example 25 

(E)-8-(2.3-Dimethoxystyryl)theophylllne (Compound 25) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (14.7 mmol) of 5.6-diamlno- 
1,3-dlmethyluracll and 3.37 g (16.2 mmol) of 2,3-dimethoxycinnamic acid. Then, the resultant crude crystals 
were recrystallized from ethanol/water to give 1.03 g (yield 41%) of Compound 25 as pale yellow needles. 

Melting Point 289.2-290.5X 



Elemental Analysis: C17H18N4O4 


Calcd. (%): 
Found (%): 


C. 59.64; 
C. 59.42; 


H, 5.29; 
H. 5.12; 


N. 16.36 
N, 16.65 



IR (KBr) Vjnax (cm-1): 1700. 1649. 1499, 1476. 1273 

NMR (270MHz; DMSO-de) 6 (ppm): 13.60(1 H. brs). 7.84 (1H, d. J=16.8Hz). 7.26(1 H, d, J=6.9Hz). 7.15- 
7.00 (3H. m). 3.83(3H. s). 3.79(3H. s), 3.48(3H, s), 3.26(3H. s) 

Example 26 

(E)-8-(2.3-Dimethoxystyryi)caffeine (Compound 26) 
Substantially the same procedure as in Example 2 was repeated using 1.10 g (3.22 mmol) of Compound 
25 obtained in Example 25 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
toluene to give 570 mg (yield 50%) of Compound 26 as yellow needles. 

Melting Point 233.6-236.7**C 



Elemental Analysis: C18H20N4O4 


Calcd. (%): 
Found (%): 


C, 60.66; 
C. 60.21; 


H. 5.65; 
H. 5.74; 


N. 15.72 
N. 16.13 



IR (KBr) (cm-1): 1688. 1645, 1545. 1480 

NMR (270MHz; DMSO-de) 6 (ppm): 7.91 (1H. d. J=1 6.0Hz), 7.52(1 H, dd, J=1.7. 7.6Hz), 7.32(1 H. d. 
J=16.0Hz). 7.10-7.05(2H. m). 4.03(3H. s), 3.84(3H. s). 3.79 (3H. s). 3.48(3H. s). 3.24(3H. s) 

Example 27 

(E)-8-(2,4-Dimethoxystyryl)theophylline (Compound 27) 
Substantially the same procedure as in Example 1 was repeated using 1.0 g (5.88 mmol) of 5,6-diamino- 
1 ,3-dimethyluracil and 1 .35 g (6.48 mmol) of 2.4-dimethoxycinnamic acid. Then, the resultant crude crystals 
were recrystallized from dimethylformamide to give 221 mg (yield 11%) of Compound 27 as pale yellow grains. 

Melting Point >280X 
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Elemental Analysis: C17H1SN4O4 


Calcd. (%): 
Found (%): 


C. 59.64; 
C, 59.51; 


H, 5.29; 
H, 5.34; 


N, 16.36 
N, 16.58 



iR (KBr) (ciTri): 1705. 1650. 1607, 1505 

NMR (270MHz; DMSO-de) 6 (ppm): 13.40(1H, brs). 7.78 (1H, d. J=16.5Hz), 7.53(1H. d. J=8.3Hz), 
6.93(1H. d, J=16.5Hz). 6.63(1H. d, J=2.3Hz). 6.60(1H. dd. J=2.3. 8.3Hz). 3.89(3H. s), 3.82(3H. s). 3.47(3H. s), 
10 3.25(3H. s) 

Example 28 

{E)-8-(2,4-Dlmethoxystyryt)caffeine (Compound 28) 
IS Substantially the same procedure as in Example 2 was repeated using 700 mg (2.05 mmol) of Compound 
27 obtained in Example 27 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
dloxane to give 621 mg (yield 85%) of Compound 28 as yellow needles. 



Melting Point 241.5-242.1X 



20 


Eemental Analysis: C18H20N4O4 




Calcd. (%): 


C. 60.66; 


H.5.65; 


N. 15.72 




Found (%): 


C. 60.49: 


H.5.61; 


N. 15.69 



IR (KBr) v^x (cm-i): 1685. 1650. 1602. 1434 

NMR (270MHz; CDCI3) 6 (ppm): 7.95(1 H, d. J=15.8Hz). 7.48(1 H, d. J=8.6Hz), 6.98(1 H, d. J=15.8Hz). 
6.54 (1H, dd. J=2.3. 8.6Hz). 6.49(1 H. d, J=2.3Hz). 4.03 (3H. s), 3.92(3H. s). 3.86(3H. s). 3.64(3H. s). 3.42(3H, 
s) 

Example 29 

(E)-8-(4-Methoxy-2.5-dimethyl3tyryl)theophylline (Compound 29) 
Substantially the same procedure as in Example 1 was repeated using 1.0 g (5.88 mnwl) of 5,6-diamlno- 
1 .3-dimethyluracil and 133 g (6.46 mmol) of 4-methoxy-2,5-dimethylcinnamic acid. Then, the resultant crude 
crystals were recrystallized from dimethylformamide to give 393 mg (yield 20%) of Compound 29 as pale yellow 
grains. 

Melting Point >280X 



Elemental Analysis: C1SH20N4O3 


Calcd. (%): 
Found (%): 


C. 63.51; 
C. 63.59; 


H. 5.92; 
H.6.10; 


N. 16.46 
N. 16.23 



IR (KBr) (cnvi): 1703. 1648, 1509. 1260 

NMR (270MHz; DMSO-de) 6 (ppm): 13.48{1H, brs). 7.81 (1H. d. J=16.2Hz), 7.50(1H, s). 6.82(1H. d, 
J=16.2Hz). 6.81(1H, s), 3.81(3H, s). 3.46(3H, s), 3.25(3H, s), 2.40(3H, s), 2.14(3H. s) 

Example 30 

(E)-8-(4-Methoxy-2,5-dimethylstyryi)caffeine (Compound 30) 
Substantially the same procedure as in Example 2 was repeated using 300 mg (0.88 mmol) of Compound 
29 obtained in Example 29 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
dioxane to give 211 mg (yield 68%) of Compound 30 as yellow needles. 

Melting Point >280X 

MS-EI rr\fe: 354(M*), 339(M*-CH3) 

IR (KBr) v„ax (cm-1): 1692, 1653, 1508 

NMR (270MHz; CDCI3) 6 (ppm): 8.00(1H, d, J=15.3Hz), 7.42(1 H, s), 6.72(1H. d, J=15.3Hz). 6.66(1H, 
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s), 4.06(3H. s). 3.86{3H. s). 3.64(3H, s). 3.42(3H, s), 2.49(3H, s). 2.23{3H, s) 
Example 31 

{E)-8-(2.4-Dimethoxy-3-methylstyryl)theophytline (Compound 31) 

Substantially the same procedure as In Example 1 was repeated using 1 .0 g (5.88 mnwl) of 5,6-diamino- 
1.3-dimethyluracil and 1.44 g (6.45 mmol) of 2,4-dimethoxy-3-methylcinnamic acid. Then, the resultant crude 
crystals were recrystallized from dioxane to give 581 mg (yield 28%) of Compound 31 as pale yellow needles. 
Melting Point >280*C 



Elemental Analysis: C1BH20N4O4 


Calcd. (%): 
Found (%): 


C. 60.67; 
C, 60.34; 


H. 5.65; 
H. 5.77; 


N, 15.72 
N, 15.64 



IR (KBr) v,„ax (cnrri): 1695. 1653. 1499. 1270 

NMR (270MHz; DMSO-d«) 5 (ppm): 13.52(1H, brs). 7.75 (1H. d. J=16.2Hz). 7.55(1H. d, J=8.3Hz), 
6.96(1H. d. J=1 6.2Hz), 6.84(1H, d. J=8.3Hz), 3.83(3H. s). 3.70(3H, s), 3.47(3H, s). 3.25(3H. s). 2.09(3H. s) 

Example 32 

(E)-8-(2.4-Dimethoxy-3-methylstyryl)caffeine (Compound 32) 
Substantially the same procedure as in Example 2 was repeated using 300 mg (0.84 mmol) of Compound 
31 obtained in Example 31 in place of Compound 1. Then, the resultant crude crystals were recrystallized from 
methylene chloride/diethyl ether to give 239 mg (yield 77%) of Compound 32 as white needles. 

Melting Point 252.7-253.5«C 



Elemental Analysis: CigH22^^04 


Calcd. (%): 
Found (%): 


C. 61.61; 
C. 61.40; 


H. 5.98; 
H. 6.06; 


N. 15.13 
N, 15.17 



IR (KBr) v„«x (cnrri): 1692. 1651. 1505 

NMR (270MHz; CDCI3) 6 (ppm): 7.92(1 H. d, J=15.8Hz). 7.42(1 H, d. J=8.9Hz). 6.99(1 H. d, J=15.8Hz), 
6.70 (1H. d, J=8.9Hz). 4.04(3H, s). 3.88(3H, s), 3.78 (3H. s). 3.64(3H, s). 3.42(3H. s). 2.19(3H. s) 

Example 33 

(E)-8-(2.5-Dimethylstyryl)-1,3-diethylxanthine (Compound 33) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5.6-diamino- 
1 ,3-diethyluracn and 3.20 g (18.2 nunol) of 2.5-dimethylcinnamic acid. Then, the resultant crude crystals were 
recrystallized from ethanol/toluene to give 2.56 g (yield 50%) of Compound 33 as white needles. 

Melting Point 281.8-282.5<»C 



Elemental Analysis: C19H22N4O2 O.5H2O 


Calcd. (%): 
Found (%): 


C. 66.46; 
C. 66.77; 


H. 6.97; 
H. 6.82; 


N, 15.50 
N, 15.72 



IR (KBr) (cm-i): 1706. 1639. 1503 

NMR (270MHz; DMSO-de) 6 (ppm): 7.84(1H. d, J=16.3Hz). 7.53(1H. s), 7.13(1 H. d, J=7.4Hz). 7.06(1H, 
d, J=7.4Hz). 7.00(1 H. d. J=1 6.3Hz), 4.06(2H. q, J=7.1Hz), 3.94(2H, q. J=7.1Hz), 2.37(3H. s), 2.30 (3H, s), 
1.26(3H. t. J=7.1Hz), 1.14(3H. t. J=7.1Hz) 
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Example 34 

(E)-8-(2,5-Dimethylstyryl)-1,3-diethyl-7-methylxanthine (Compound 34) 
Substantially the same procedure as In Example 2 was repeated using 2.00 g (5.92 mmol) of Compound 
33 obtained in Example 33 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
toluene/cyclohexane to give 1.29 g (yield 62%) of Compound 34 as white needles. 

Melting Point 190.3-1 90.7«C 



Elemental Analysis: C20H24N4O2 


Calcd. (%): 
Found (%): 


C, 68.16; 
C. 68.15; 


H, 6.86; 
H, 7.02; 


N. 15.89 
N. 15.65 



IR (KBr) vm« (cnrri): 1698, 1657 

NMR(270MHz; CDCI3) 6 (ppm): 7.86(1H. d. J=15.8Hz). 7.71(1H. s), 7.23(1H, d. J=15.8Hz). 7.15(1H. d. 
J=7.9Hz). 7.09(1H. d. J=7.9Hz). 4.11-4.04(2H, m), 4.04(3H, s). 3.92(2H, q, J=6.9Hz), 2.37(3H, s). 2.32(3H, s). 
1.26(3H. t. J=6.9Hz), 1.13(3H. t, J=6.9Hz) 

Example 35 

(E)-8-(4-Ethoxystyryl>-1,3-dlethylxanthlne (Compound 35) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmot) of 5,6-diamino- 
1.3-diethyturacfl and 3,20 g (16.7 mmol) of 4-ethoxycinnamic acid. Then, the resultant crude crystals were re- 
crystallized from dioxane to give 2.97 g (yield 55%) of Compound 35 as pale yellow needles. 

Melting Point 296,7-298.6*»C 



Elemental Analysis: CigH22N403 


Calcd. (%): 
Found (%): 


C. 64.39; 
C. 64.54; 


H, 6.25; 
H, 6.52; 


N, 15.81 
N, 15.80 



IR (KBr) (cm-'): 1695, 1647, 1516, 1250 

NMR (270MHz; DMSO-de) 8 (ppm): 13.36(1H, brs), 7.59 (1H, d. J=16.2Hz), 7.55(2H, d, J=8.6Hz), 
6.96(2H, d, J=8.6Hz), 6.88(1 H, d, J=16.2Hz), 4.11-4.04(4H, m), 3.94(2H. q. J=6.9Hz). 1.34(3H, t. J=6.9Hz), 
1.26(3H, t, J=6.9Hz), 1.14(3H. t, J=6.9Hz) 

Example 36 

(E)-8-(4-Ethoxystyryl)-1.3-diethyl-7-methylxanthine (Compound 36) 
Substantially the same procedure as in Example 2 was repeated using 1.60 g (4.52 mmol) of Compound 
35 obtained in Example 35 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
ethyl acetate to give 1.47 g (yield 88%) of Compound 36 as pale green needles. 

Melting Point 1 85.3-1 85.7°C 



Elemental Analysis: C20H24N4O3 


Calcd. (%): 
Found (%): 


C, 65.20; 
C, 65.28; 


H. 6.56; 
H, 6.85; 


N, 15.21 
N. 15.18 



IR (KBr) vmax (cm-1): 1693. 1666, 1515, 1248 

NMR (270MHz; CDCI3) 6 (ppm): 7.74(1 H, d, J=15.8Hz). 7.52(2H, d, J=8.6Hz). 6.92(2H, d. J=8.6Hz). 6.77 
(1H, d. J=15.8Hz), 4.21(2H, q. J=6.9Hz), 4.12-4.01 (4H, m). 4.04(3H, s), 1.44(3H, t. J=6.9Hz). 1.38 (3H, t, 
J=7.6Hz). 1.26(3H, t, J=6.9Hz) 
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Example 37 

(E)-1,3-Diethyl-8-(4-propoxystyryl)xanthine (Compound 37) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5,6-dlamino- 
1.3-diethyluracD and 3.43 g (16.6 mmol) of 4-propoxycinnamic acid. Then, the resultant crude crystals were 
recrystallized from dioxane/water to give 3.02 g (yield 54%) of Compound 37 as pale yellow needles. 
Melting Point >270X 



Elemental Analysis: C20H24N4O3 


Calcd. (%): 
Found (%): 


C. 65.20; 
C. 64.91; 


H. 6.56; 
H. 6.79; 


N, 15.21 
N. 15.14 



IR (KBr) (cm-i): 1695. 1656. 1515, 1250 

NMR (270MHz; DMSO-de) 5 (ppm): 13.38(1H. brs). 7.59 (1H. d, J=16.5Hz), 7.55(2H. d. J=8.6Hz), 
6.97(2H. d, J=8.6Hz). 6.87(1H, d. J=16.5Hz). 4.07(2H, q, J=7.3Hz). 4.00-3.90(4H, m), 1.81-1.67(2H. m), 1.26 
(3H, t, J=6.9Hz). 1.14(3H. t. J=6.9Hz), 0.98(3H. t. J=7.3Hz) 

Example 38 

(E)-1 ,3-Dlethy1-7-methyl-8-(4-propoxystyryl)xanthine (Compound 38) 

Sul)stantially the same procedure as in Example 2 was repeated using 1.70 g (4,61 mmol) of Compound 
37 obtained In Example 37 In place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
hexane/ethyl acetate to give 1.37 g (yield 78%) of Compound 38 as pale yellow needles. 
Melting Point 1 55.7-1 56.5X 



Elemental Analysis: C21H26N4O3 


Calcd. (%): 
Found (%): 


C. 65.92; 
C. 65.72; 


H. 6.85; 
H, 7.05; 


N. 14.65 
N, 14.59 



IR (KBr) (cm-i): 1696. 1665. 1513, 1246 

NMR (270MHz; CDCI3) 6 (ppm): 7.74(1 H, d. J=1 5.8Hz). 7.52(2H. d. J=8.6Hz). 6.92(2H. d, J=8.6Hz), 6.77 
(1H. d, J=1 5.8Hz). 4.21 (2H. q, J=6.9Hz), 4.09(2H. q. J=6.9Hz).4.04(3H. s). 3.97(2H, t, J=6.6Hz), 1.90-1.77(2H, 
m). 1.38(3H. t, J=6.9Hz). 1.26(3H. t. J=6.9Hz), 1.05(3H. t. J=7.3Hz) 

Example 39 

(E)-1,3-Diethyl-8-(3-methoxystyryl)xanthine (Compound 39) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (1 2.6 mmol) of 5.6-diamino- 
1.3-dlethyluracn and 2.48 g (13.9 mmol) of 3-methoxycinnamic acid. Then, the resultant crude crystals were 
recrystallized from dimethylformamide/water to give 2.10 g (yield 49%) of Compound 39 as a white powder 

Melting Point 270.6-272.5°C 



Elementiai Analysis: C18H20N4O3 

Calcd. (%) : C, 63.52; H, 5.92; 16.46 

Found (%): C, 63.20; H, 6.01; N. 16.34 
IR (KBr) v™« (cm-1): 1686. 1634. 1500 

NMR (270MHz; DMSO-de) 6 (ppm): 7.61(1 H, d, J=16.4Hz). 7.34(1H, t, J=7.9Hz). 7.20-7.18(2H, m). 
7.07(1H. d. J=16.4Hz), 6.92(1H, d. J=8.6Hz). 4.06(2H. q, J=7.0Hz). 3.94(2H. q, J=6.8Hz), 1.26(3H. t. J=7.0Hz). 
1.14(3H. t. J=6.8Hz) 
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Example 40 

(E)-1.3-Diethyl-8-(3-methoxystyryl)-7-methylxanthine (Compound 40) 
Substantially the same procedure as In Example 2 was repeated using 1.70 g (5.00 mmol) of Compound 
39 obtained in Example 39 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
toluene/cydohexane to give 1.10 g (yield 62%) of Compound 40 as pale yellow needles. 

Melting Point 1 53.4-1 54.8X 



Elemental Analysis: Ci9H22N403 


Calcd. (%): 
Found {%): 


C, 64.39; 
C. 64.34; 


H, 6.26; 
H. 6.38; 


N. 15.81 
N. 15.82 



IR (KBr) v,«« (cm-i): 1692. 1656, 1541 

NMR (270MHz; DMSO-de) 6 (ppm): 7.64(1H, d, J=15.8Hz), 7.40-7.30(4H. m). 6.97-6.92(1H. m), 4.31- 
4.05(2H. m), 4.05{3H, s), 3.92(2H. q, J=7.0Hz). 1.26(3H. t, J=7.1Hz). 1.13(3H. t. J=7.0Hz) 

Example 41 

(E)-8-(4-Butoxystyryl)-1,3-diethyb(anthine (Compound 41) 
Substantially the same procedure as In Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5,6-diamlno- 
1,3-diethyluraca and 3.67 g (16.7 mnrwl) of 4-butoxyclnnamic acid. Then, the resultant crude crystals were re- 
crystallized from dloxane/water to give 3.04 g (yield 53%) of Compound 41 as pale yellow needles. 

Melting Point 257.9-261. 3*'C 



Elemental Analysis: C2iH2eN403 


Calcd. (%): 
Found (%): 


C, 65.95; 
C, 65.90; 


H, 6.85; 
H.7.21; 


N. 14.65 
N. 14.60 



IR (KBr) vmax (cm-i): 1695, 1645, 1515, 1248 

NMR (270MHz; DMSO-de) 6 (ppm): 13.32(1H. bra), 7.59 (1H. d, J=16.5Hz), 7.55(2H, d, J=8.9Hz), 
6.97(2H, d, J=8.9Hz), 6.87(1H, d, J=16.5Hz), 4.10-3.90(6H, m), 1.76-1.66(2H, m), 1.51-1.40(2H, m), 
1.26(3H, t, J=6.9Hz), 1.14(3H, t, J=6.9Hz). 0.94(3H, t, J=7.3Hz) 

Example 42 

(E)-8-(4-Butoxystyryl)-1.3-diethyl-7-methylxanthine (Compound 42) 
Substantially the same procedure as in Example 2 was repeated using 1.50 g (3.92 mmol) of Compound 
41 obtained in Example 41 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
hexane/ethyl acetate to give 982 mg (yield 63%) of Compound 42 as pale yellow needles. 
Melting Point 1 23.4-1 23.6*>C 



Elemental Analysis: C22H28N403 


Calcd. (%): 
Found (%): 


C. 66.65; 
C, 66.81; 


H, 7.11; 
H,7.31; 


N, 14.13 
N, 14.01 



IR (KBr) (cm-1): 1693, 1665, 1513, 1251 

NMR (270MHz; CDCI3) 6 (ppm): 7.74(1 H, d, J=1 5.8Hz), 7.52(2H. d, J=8.9Hz). 6.92(2H, d, J=8.9Hz), 6.76 
(1 H, d, J=1 5.8Hz), 4.21 (2H. q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.04(3H, s), 4.02(2H, q, J=6.6Hz), 1 .84-1 .74(2H, 
m), 1.58-1.44(2H, m). 1.38(3H, t, J=6.9Hz), 1.26(3H. t, J=6.9Hz), 0.99(3H, t, J=7.3Hz) 

Example 43 

(E)-1 ,3-Diethyl-8-(4-methylstyryl)xanthine (Compound 43) 
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Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5,6-diamino- 
1 .3-diethyluracn and 2.70 g (16.7 mmol) of 4-methylclnnamic acid. Then, the resultant crude crystals were re- 
crystallized from dioxane to give 2.64 g (yield 54%) of Compound 43 as pale yellow needles. 
Melting Point >280*'C 



Elemental Analysis: CieH2oN402 


Calcd. (%): 
Found (%): 


C, 66.65; 
C, 66.53; 


H, 6.21; 
H, 6.27; 


N, 17.27 
N, 17.14 



IR (KBr) v„«x (cm-1): 1692. 1644. 1518, 1490 

NMR (270MH2; DMSO-de) 8 (ppm): 13.53(1H. bra), 7,62 (1H, d, J=16.5Hz), 7.52(2H, d, J=7.9H2), 
7.24(2H. d. J=7.9Hz), 6.98(1H, d. J=16.5Hz), 4.07(2K q. J=6.9Hz), 3.94(2H, q, J=6.9Hz). 2.33(3H. s). 1.26 
(3H, t J=6.9Hz), 1.14(3H, t. J=6.9Hz) 

Example 44 

(E)-1,3-Dlethyl-7-methyl-8-(4-methylstyryl)xanthine (Compound 44) 
Substantially the same procedure as in Example 2 was repeated using 1.50 g (4.62 mmol) of Compound 
43 obtained in Example 43 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
dioxane/water to give 1.39 g (yield 89%) of Compound 44 as yellow needles. 

Melting Point 170.8-1 71 .5X 



Elemental Analysis: CigH22N402 


Calcd. (%): 
Found (%): 


C, 67.44; 
C. 67.58; 


H, 6.55; 
H, 6.65; 


N, 16.56 
N. 16.68 



IR (KBr) v™x (crrri): 1687. 1650. 1542. 1516 

NMR (270MHz; CDCI3) 6 (ppm): 7.77(1 H. d. J=1 5.8Hz). 7.48(2H, d. J=8.3Hz). 7.21 (2H. d. J=8.3Hz). 6.87 
(1H. d. J=1 5.8Hz). 4.22(2H. q, J=6.9Hz). 4.09(2H. q. J=6.9Hz). 4.05(3H. s), 2.39(3H. s). 1.38(3H. t. J=6.9Hz). 
1.26(3H.t. J=6.9Hz) 

Example 45 

(E)-1.3-Diethyl-8-(2-methoxystyryl)xanthine (Compound 45) 
Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mnrx)!) of 5,6-diamino- 
1 ,3-diethyluracB and 2,48 g (13.9 mmol) of 2-methoxycinnamic acid. Then, the resultant crude crystals were 
recrystallized from tetrahydrofuran/water to give 990 mg (yield 24%) of Compound 45 as yellow grains. 

Melting Point >270*»C 



Elemental Analysis: C18H20N4O3 


Calcd. (%): 
Found (%): 


C, 63.52; 
C, 63.28; 


H. 5.92; 
H. 5.86; 


N, 16.46 
N, 16.43 



IR (KBr) Vmax (cnrri): 1694. 1640. 1501 

NMR(270MHz; DMSO-de) 5 (ppm): 7.85(1 H. d, J=16.8Hz). 7.62(1 H, d. J=7.6Hz). 7.34(1 H, t. J=7.6Hz), 
7.11-6.98(3H. m). 4.07(2H, q, J=7,0Hz). 3.97-3,89(2H, m). 3,89(3H, s), 1.26(3H. t. J=7.0Hz). 1.14(3H, t. 
J=6.9Hz) 

Example 46 

(E)-1.3-Diethyl-8-(2-methoxystyryl)-7-methy1xanthine (Compound 46) 
Substantially the same procedure as in Example 2 was repeated using 1.5 g (4.41 mmol) of Compound 
45 obtained in Example 45 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 



49 



EP 0 590 919 A1 



ethanol/water to give 800 mg (yield 51%) of Compound 46 as yellow needles. 
Melting Point 189.6-190.0*^0 



Elemental Analysis: C19H22N4O3 


Calcd. (%): 
Found (%): 


C, 64.39; 
C, 64.18; 


H, 6.26; 
H, 6.25; 


N. 15.81 
N. 15,77 



IR (KBr) v„«x (cm-i): 1697. 1649 

NMR (270MHz; DMSO^e) 5 (PPm): 7.94(1H, d. J=15.8Hz), 7.88(1H. dd. J=:7.9. 1.5Hz), 7.41-7.34{1H, 
m), 7.31 (1H, d. J=15.8Hz). 7.10(1H, d, J=7.9H2), 7.02(1H, t. J=7.4Hz). 4.11-4.02(2H, m), 4.02(3H. s), 3.96- 
3.90(2H, m). 3.90(3H. s). 1.29(3H, t, J=7.2Hz). 1.13(3H. t, J=7.2Hz) 

Example 47 

(E)-1 .3-Diethyl-8-(4-methoxy-3-methylstyryl)xanthine (Compound 47) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamlno- 
1.3-diethyluracfl and 3.00 g (13.9 mmol) of 4-methoxy-3-methylcinnamic acid. Then, the resultant crude crys- 
tals were recrystallized from dimethylsulfbxide/water to give 1 .70 g (yield 36%) of Compound 47 as white f loc- 
culent precipitates. 

Melting Point >270«C 



Elemental Analysis: CigH22N403 


Calcd. (%): 
Found (%): 


C, 64.39; 
C, 64.05; 


H, 6.23; 
H. 6.34; 


N. 15.81 
N. 15.74 



IR (KBr) (cm-1): 1689. 1644. 1510. 1459 

NMR (270MHz; DMSO-de) 6 (ppm): 7.56(1H, d. J=16.3Hz), 7.45(1H. s), 7.44(1H, d. J=8.2Hz). 6.98(1H. 
d, J=8.2Hz). 6.87(1H. d, J=16.3Hz). 4.06(2H, q, J=7.1Hz), 3.93(2H. q. J=7.0Hz). 3.82(3H. s), 2.18 (3H, s), 
1.25(3H. t. J=7.1Hz). 1,13(3H. t. J=7.0Hz) 

Example 48 

(E)-1 .3-Diethyi-8-(4-nnethoxy-3-methylstyryl)-7-nr)ethylxanthine (Compound 48) 
Sut>stantially the same procedure as in Example 2 was repeated using 1.27 g (3.36 mmol) of Compound 
47 obtained in Example 47 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
toluene/cydohexane to give 1.01 g (yield 82%) of Compound 48 as yellow needles. 
Melting Point 1 76.5-1 77.6*'C 



Elemental Analysis: C20H24N4O3 


Calcd. (%): 
Found (%): 


C. 65.20; 
C, 65.22; 


H, 6.57; 
H, 6.75; 


N. 15.21 
N. 15.22 



IR (KBr) Vmax (cm-1): 1687, 1648, 1542, 1505, 1434 

NMR (270MHz; DMSO-de) 5 (ppm): 7.65(1H, s), 7.58(1H, d. J=15.8Hz), 7.57-7.53(1H, m). 7.16(1H, d, 
J=15.8Hz). 6.97(1H, d. J=8.9Hz) , 4.10-4.01(2H. m), 4.01(3H, s), 3.91(2H, q, J=6.9Hz), 3.88(3H. s). 2.19(3H, 
s), 1.25{3H. t, J=6.9Hz). 1.12(3H, t, J=6.9Hz) 

Example 49 

(E)-8-(2-Bromo-4.5-methylenedloxystyry1)-1,3-diethylxanthine (Compound 95) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5.6-diamlno- 
1,3-diethyluracil and 3.77 g (13.9 mmol) of 2-bromo-4.5-methylenedloxycinnamic acid. Then, the resultant 
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crude crystals were recrystallized from dimethylsulfoxide/water to give 2.01 g (yield 38%) of Compound 95 as 
a yellow powder. 

Melting Point >270*»C 



Elemental Analysis: Ci8Hi7BrN4O4 0.25H2O 


Calcd. (%): 
Found (%): 


C. 49.39; 
C. 49.42; 


H, 4.03; 
H, 3.75; 


N, 12.80 
N. 12.67 



IR (KBr) Vmax (cm-i): 1691. 1651, 1497 

NMR (270MHz; DMSO-de) 6 (ppm): 7.78(1 H. d. J=8.2Hz), 7.48(1 H. s), 7.30(1 H. s), 6.97(1 H, d. J=8.2Hz), 
6.13(2H. s), 4.05(2H. q. J=6.9Hz), 3.93(2H. q, J=6.9Hz). 1.24(3H. t, J=6.9Hz). 1.13(3H, t. J=6.9Hz) 

Example 50 

(E)-8-(2-Bromo-4,5-methylenedloxystyryl>-1 .3-diethyl-7-methylxanthine (Compound 96) 
Substantially the same procedure as in Example 2 was repeated using 2.20 g (5.08 mmol) of Compound 
95 obtained in Example 49 In place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
toluene/cydohexane to give 1.17 g (yield 52%) of Compound 96 as a pale yellow powder. 

Melting Point 255.1 -256.0°C 



Elemental Analysis: Ci9HioBrN404 


Calcd. (%): 
Found (%): 


C, 51.02; 
C, 50.94; 


H, 4.28; 
H,4.15; 


N, 12.53 
N. 12.39 



IR (KBr) v„^ (cm-i): 1693, 1651 

NMR(270MHz; DMSO-de) 6 (ppm): 7.87(1H, d, J=15.8Hz), 7.77(1H, s). 7.30(1H, d. J=15.8Hz), 7.32(1H, 
s), 8.15(2H, s), 4.1(M.03(2H. m), 4.03(3H. s), 3.92 (2H, q, J=6.8Hz), 1.26(3H, t, J=7.2Hz), 1.13(3H, t. J=6.8Hz) 

Example 51 

(E)-1 ,3-Dlethyl-8-(3-methoxy-4,5-methylenedioxystyryl)xanthlne (Compound 1 06) 
Substantially the sanne procedure as in Example 1 was repeated using 2.50 g (1 2.6 mmol) of 5,6-diamlno- 
1,3-diethyluracll and 3.31 g (14.9 mnwl) of 3-methoxy-4,5-methylenedioxycinnamic acid. Then, the resultant 
crude crystals were recrystallized from tetrahydrofuran/water to give 600 mg (yield 53%) of Compound 106 as 
a white powder. 

Melting Point >270«C 



Elemental Analysis: CigH2oN405 


Calcd. (%): 
Found (%): 


C, 59.37; 
C, 59.41; 


H, 5.24; 
H. 5.26; 


N. 14.58 
N, 14.66 



IR (KBr) vmax (cnri): 1689, 1654. 1640, 1506 

NMR (270MHz; DMSO-d^) 5 (ppm): 7.54(1 H, d, J^16.6Hz), 6.94(2H, s), 6.93(1 H, d, J=16.6Hz), 6.04(2H, 
s), 4.05(2H, q, J=6.9Hz), 3.97-3.88(2H, m), 3.88{3H, s). 1.25(3H, t. J=7.2Hz), 1.13(3H, t. J=7.2Hz) 

Example 52 

(E)-1 ,3-Diethyl-8-(3-methoxy-4,5-methytenedioxystyryl)-7-methy1xanthine (Compound 107) 
Substantially the same procedure as in Example 2 was repeated using 2.00 g (5.20 mmol) of Compound 
106 obtained in Example 51 in place of Compound 1. Then, the resultant crude crystals were recrystallized 
from 2-propanoi to give 730 mg (yield 35%) of Compound 107 as a yellow powder. 

Melting Point 201.5-202.3X 



51 



EP 0 590 919 A1 



Elemental Analysis: C20H22N4O6 


Calcd. (%): 
Found (%): 


C. 60.29; 
C, 60.18; 


H. 5.57; 
H. 5.72; 


N. 14.06 
N. 13.98 



IR (KBr) (cnri): 1894. 1650. 1543, 1512. 1433 

NMR(270MHz; DMSO-de) 6 (ppm): 7.58(1 H. d, J=15.8Hz). 7.23(1 H, d, J=15.8Hz), 7.20(1 H, d, J=1.0Hz) 
7.09 (1H, d, J=1.0Hz). 6.05(2H. s). 4.09-4.02(2H, m). 4.02(3H. s). 3.94-3.89(2H, m). 3.89(3H, s). 1.25 (3H. t 
J=7.2Hz), 1.13(3H, t. J=6.9Hz) 

Example 53 Tablets 

TalJlets having the following composition were prdpared in a conventional manner. 



Composition of One Tablet 


Compound 2 


20 mg 


Lactose 


143.4mg 


Potato Starch 


30 mg 


Hydroxypropylcellulose 


6mg 


Magnesium Stearate 


0.6mg 




200 mg 



Example 54 Fine Granules 

Fine granules having the following composition were prepared in a conventional manner. 



Composition of One Pack of Fine Gran- 


ules 


Compound 107 


20 mg 


Lactose 


655 mg 


Corn Starch 


285 mg 


Hydroxypropylcellulose 


40 mg 




1,000 mg 



Example 55 Capsules 

Capsules having the following composition were prepared In a conventional manner. 



Composition of One Capsule 


Compound 8 
Avicel 

Magnesium Stearate 


20 mg 
99.5mg 
0.5mg 




120 mg 
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Example 56 Injections 

Injections having the following composition were prepared in a conventional manner. 



Composition of One Injection Vial 


Compound 10 


2mg 


Purified Soybean Oil 


200 mg 


Purified Egg Yolk Lecithin 


24 mg 


Glycerine for Injection 


50 mg 


Distilled Water for Injection 


1.72 ml 




2.00 ml 



Example 57 Syrup Preparations 

Syrup Preparations having the following composition were prepared in a conventional manner. 



Composition of One Syrup Preparation 


Compound 14 


20 mg 


Refined Sugar 


30 mg 


Ethyl p-Hydroxybenzoate 


40 mg 


Propyl p-Hydroxybenzoate 


10 mg 


Strawberry Ravor 


0.1 ml 


Water 


99.8 ml 




100 ml 



Reference Example 1 

(E)-8-(2-Chloro-3.4-dimethoxystyryl)-1,3-diethyb(anthlne (Compound 49) 
Substantially the same procedure as in Example 1 was repeated using 2.00 g (10.1 mmol) of 5.6-diamino- 
1,3-diethyturacn and 2.94 g (12.1 mmol) of 2-chloro-3,4-dimethoxycinnamic acid. Then, the resultant crude 
crystals were recrystallized from 2-propanol/watBr to give 2.19 g (yield 54%) of Compound 49 as pale yellow 
needles. 

Melting Point 278.0-280.9«C 



Elemental Analysis: C19H21CIN4O4 


Calcd. (%): 
Found (%): 


C. 56.36; 
C. 56.13; 


H, 5.22; 
H,5.21; 


N, 13.83 
N. 13.67 



IR (KBr) (cm-i): 1705, 1642. 1499 

NMR(270MHz; DMSO-de) 8 (ppm): 7.88(1 H. d. J=16.3Hz), 7.64 (1H. d, J=8.9Hz). 7.1 3(1 H. d, J=8.9Hz). 
7.00 (1H. d, J=16.3Hz), 4.06(2H, q. J=7.1 Hz). 3.98-3.88 (2H, m), 3.88(3H. s). 3.77(3H, s). 1 .26(3H. t. J=7.1 Hz), 
1.14(3H.t. J=6.9Hz) 



53 



EP0 590 919 A1 



Reference Example 2 



(E)-8-(2-Chloro-3,4-dimethoxystyryl)-1,3-diethyl-7-methylxanthine (Compound 50) 
Substantially the same procedure as in Example 2 was repeated using 1.80 g (4.45 mmol) of Compound 
5 49 obtained in Reference Example 1 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from 2-propanol/water to give 1 .20 g (yield 64%) of Compound 50 as yellow needles. 
Melting Point 204.6-205.4X 





Elemental Analysis: C20H23CIN4O4 


10 


Calcd. (%): 


C, 57.34; 


H, 5.53; 


N. 13.37 




Found (%): 


C. 57.46; 


H, 5.67; 


N. 13.10 



IR (KBr) v™x (cm-1): 1696. 1657, 1496. 1439, 1292 

NMR(270MHz; DMSO-de) 6 (ppm): 7.92(1H. d. J=15.8Hz). 7.86(1H, d, J=8.9Hz), 7.29(1H. d. J=15.8Hz), 
7.16 (1H. d, J=8.9Hz). 4.11-4.03(2H, m). 4.03(3H. s), 3.96-3.90(2H. m), 3.90(3H. s). 3.77(3H, s). 1.26 (3H, t, 
J=6.9Hz). 1.13(3H. t, J=6.9Hz) 

Reference Example 3 

(E)-8-(2-Chloro-3.4-dimethoxystyryl)theophylline (Compound 51) 
2-Chloro-3,4-dimethoxycinnamic acid (3.93 g. 16.2 mmol) was dissolved in 57 ml of pyridine. To the sol- 
ution was added 1 .26 nr\l (17.6 mmd) of Ihionyl chloride under Ice cooling, and the mbcture was stirred at 60**C 
for 1.5 hours. Methylene chloride (58 ml) containing 2.50g (14.7 mmol) of 5.6-diamino-1,3-dlmethyluracil was 
added dropwise to the solution under ice cooling, and the reaction solution was stirred at room temperature 
for further 40 minutes. The deposited crystals were collected by f iltration and the obtained crude crystals were 
dissolved In a mixture of 68 ml of an aqueous 2N sodium hydroxide solution, 68 ml of dioxane. and 34 ml of 
water, followed by heating under reflux for 30 minutes. After cooling, the solution was neutralized with a con- 
centrated aqueous solution of hydrochloric acid, and the deposited crystals were collected by filtration. The 
collected crystals were washed with water, dried, and recrystallized from dimethylfomfiamide/ water to give 
1.55 g (yield 30%) of Compound 51 as pale yellow needles. 

Melting Point 241 .6-242.6''C 



Elemental Analysis: Ci7Hi7aN404 


Calcd. (%): 
Found (%): 


C. 54.18; 
C, 54.31; 


H.4.54; 
H, 4.54; 


N, 14.86 
N. 14.43 



40 IR (KBr) (cnr^): 1704. 1653. 1496. 1300 

NMR (270MHz; DMSO-dg) 5 (ppm): 7.88(1H. d. J=16.2Hz). 7.62(1 H, d. J=8.9Hz), 7.13(1H, d. J=8.9Hz), 
6.97 (1H, d. J=1 6.2Hz), 3.88(3H, s). 3.77(3H. s). 3.47 (3H, s). 3.25(3H, s) 



Reference Example 4 

45 

(E)-8-(2-Chloro-3,4-dimethoxystyryl)caffeine (Compound 52) 
Substantially the same procedure as in Example 2 was repeated using 1.0 g (2.66 mmol) of Compound 
51 obtained in Reference Example 3 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from toluene to give 840 mg (yield 81%) of Compound 52 as a yellow powder. 



so Melting Point 284.6-288.0<>C 





Elemental Analysis: C18H19CIN4O4 




Calcd. (%): 


C. 55.31; 


H. 4.59; 


N. 14.33 


55 


Found (%): 


C. 55.40; 


H.4.83; 


N, 14.09 



IR (KBr) (cm-1): 1688, 1650, 1493, 1290 
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NMR (270MHz; CDCI3) 5 (ppm): 8.1 0(1 H, d, J=15.8Hz). 7.43(1 H, d. J=8.8Hz). 6.88(1 H, d, J=8.8H2). 6.83 
(1H, d, J=1 5.8Hz). 4.06(3H, s). 3.93(3H, s), 3.90 (3H, s), 3.64(3H. s). 3.42(3H. s) 

Reference Example 5 

5 

(E)-8-(3,4-Difluorostyry1)-1,3-diethylxanthine (Compound 53) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (1 2.6 mmol) of 5,6-dlamino- 
1,3-diethyluracll and 2.79 g (15.2 mmol) of 3.4-difluoroclnnamic acid. Then, the resultant crude crystals were 
recrystalllzed from dioxane/water to give 2.12 g (yield 49%) of Compound 53 as gray plates. 
10 Melting Point >300*'C 





Elemental Analysis: Ci7HieF2N402 




Calcd. (%): 


C. 58.95J 


H, 4.65; 


N. 16.17 


15 


Found (%): 


C, 59.25; 


H, 4.59; 


N, 16.42 



IR (KBr) Vmax (cm-^): 1688. 1640. 1519 

NMR (270MHz; DMSO^) 5 (ppm): 7.78(1H, dd. J=11.4, 7.1Hz), 7.60(1H. d. J=16.3Hz). 7.50.7.45(2H. 
m). 7.07(1H. d, J=16.3Hz). 4.06(2H. q. J=7.0Hz). 3.94 (2H. q. J=7.1Hz), 1.26(3H. t. J=7.0Hz). 1.14{3H. t. 
J=7.1Hz) 

Reference Example 6 

(E)-8-(3.4-Difluorostyry1)-1.3-diethyl-7-methylxanthine (Compound 54) 
Substantially the same procedure as in Example 2 was repeated using 1.70 g (4.91 rmo\) of Compound 
53 obtained in Reference Example 5 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
talllzed from tduene/cyclohexane to give 1.29 g (yield 73%) of Compound 54 as yellow needles. 



Melting Point 208.5-210.8«C 



30 


Bemental Analysis: C18H18F2N4O2 




Calcd. (%): 


C. 59.99; 


H. 5.03; 


N. 15.54 




Found (%): 


C. 60.09; 


H. 5.04; 


N. 15.19 



IR (KBr) (cm-1): 1688. 1652, 1545. 1520, 1441 

NMR (270MHz; DMSO-de) 6 (ppm): 8.02(1H, ddd. J=12.4. 7.7. 2.0Hz). 7.65-7.60(1H. m). 7.61(1H. d, 
J=15.8Hz), 7.54-7.43(1H, m), 7.40(1H, d. J=15.8Hz). 4.08-4.04(2H. m). 4.04(3H. s). 3.92(2H. q. J=6.9Hz). 
1.26(3H. t. J=6.9Hz). 1.13(3H. t. J=6.9Hz) 

40 

Reference Example 7 

(E)-8-(3-Bromo-4-methoxystyryl)-1,3-diethylxanthine (Compound 55) 
Substantially the same procedure as in Example 1 was repeated using 2.00 g (10.1 mmol) of 5.6-diamino- 
46 1,3-diethyluracO and 2.72 g (10.6 mnrvol) of 3-bromo-4-methoxyclnnamic acid. Then, the resultant crude crys- 
tals were recrystalllzed from dioxane to gh^e 726 mg (yield 17%) of Compound 55 as pale brown needies. 
Melting Point >280°C 





Elemental Analysis: CieHisBrN^Oa 


50 


Calcd. (%): 


C. 51.57; 


H. 4.57; 


N. 13.36 




Found (%): 


C, 51.33; 


H. 4.56; 


N. 13.17 



IR (KBr) (cm-1): 1694, 1648, 1506. 1281, 1260 

NMR (270MHz; DMSO-de) 6 (ppm): 13.52(1H, brs), 7.87 (1H. d, J=2.0Hz), 7.63(1H. dd. J=8.4. 2.0Hz), 
7.56 (1H, d. J=16.3Hz). 7.16(1H. d, J=8.4Hz). 6.95(1H. d. J=16.3Hz), 4.06(2H. q. J=6.9Hz). 3.93(2H. q, 
J=6.9Hz). 3.89(3H, s), 1.26(3H. t, J=6.9Hz), 1.14 (3H, t, J=6.9Hz) 
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Reference Example 8 

(E)-8-(3-Bromo-4-methoxystyryl)-1,3-diethyl-7-methylxanthine (Compound 56) 
Substantially the same procedure as in Example 2 was repeated using 400 mg (0.95 mnnol) of Compound 
55 obtained in Reference Example 7 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from dioxane/water to give 332 mg (yield 80%) of Compound 56 as pale yellow needles. 
Melting Point 219.1-223.7°C 

Elemental Analysis: Ci9H2iBrN403 

Calcd. (%) : C, 52.67; H, 4.88; N, 12.93 

Found (%) : C, 52.79; H, 4.97; N, 12,70 
IR (KBr) v^x (cnr^): 1686, 1651. 1541, 1501, 1435 

NMR (270MHz; CDDa) 5 (ppm): 7.83(1 H, d, J=2.0Hz). 7.69(1 H. d. J=15.8Hz). 7.48(1 H, dd. J=8.4, 
2.0Hz), 6.92(1 H, d. J=8.4Hz), 6.78(1 H, d. J=15.8Hz). 4.21 (2H. q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.06(3H, 
s). 3.96(3H. s), 1.38(3H. t, J=6.9Hz). 1.26(3H, t, J=6.9Hz) 

Reference Example 9 

(E)-8-(3-Bromo-4-methoxystyryl)theophylline (Compound 57) 
Substantially the sanrm procedure as in Example 1 was repeated using 2.00 g (11 .8 mmol) of 5,6-dlamlno- 
1,3-dimethyiuracil and 3.32 g (12.9 mmd) of 3-bromo-4-nrwthoxycinnamic acid. Then, the resultant crude crys- 
tals were recrystallized from dimethylformamide to give 2.00 g (yield 43%) of Compound 57 as a pale yellow 
powder. 

Melting Point >280X 



Elemental Analysis: CisHi5BrN403 


Calcd. (%): 
Found (%): 


C, 49.12; 
C. 49.16; 


H, 3.86; 
H, 3.80; 


N. 14.32 
N. 14.06 



IR (KBr) v™, (cm-1): 1691, 1644. 1598, 1499, 1257 

NMR (270MHz; DMSO-de) 6 (ppm): 13.41(1H. brs), 7.84 (1H, d, J=2.0Hz), 7.61 (1H, dd. J=8.4, 2.0Hz), 
7.56 (1H. d, J=16.3Hz), 7.15(1H, d. J=8.4Hz), 6.92(1H, d. J=16.3Hz). 3.89(3H. s). 3.47(3H. s), 3.26(3H, s) 

Reference Example 10 

(E)-8-(3-Bromo-4-methoxystyryl)caffeine (Compound 58) 
Substantially the same procedure as in Example 2 was repeated using 1.00 g (2.56 mmol) of Compound 
57 obtained in Reference Example 9 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from dioxane to give 877 nrig (yield 85%) of Compound 58 as a yellow powder. 

Melting Point 283.3-283.4*»C 



Elemental Analysis: Ci7Hi7BrN403 


Calcd. (%): 
Found (%): 


C, 50.39; 
C, 50.04; 


H, 4.23; 
H, 4.00; 


N. 13.83 
N, 13.49 



IR (KBr) Vmax (cm-i): 1693. 1654. 1500 

NMR (270MHz; CDQs) 6 (ppm): 7.82(1H, d. J=2.0Hz), 7.70(1H, d, J=15.8Hz), 7.47(1H, dd. J=8.4, 
2.0Hz). 6.92(1H. d, J=8.4Hz), 6.78(1H, d, J=15.8Hz), 4.07 (3H. s). 3.95(3H, s), 3.62(3H. s), 3.42(3H, s) 
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Reference Example 11 

(E)-8-(2-Bromo-4,5-dimethoxystyryl)-1.3-diethy1xanthine (Compound 59) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5,6-diamino- 
1.3-diethyluraciI and 4.78 g (17.2 mmol) of 2-bromo-4.5-dimethoxyclnnamlc acid. Then, the resultant crude 
crystals were recrystallized from dioxane to give 3.34 g (yield 49%) of Compound 59 as pale yellow needles. 

Melting Point >285<»C 



Elemental Analysis: Ci9H2iBrN404 


Calcd. (%): 
Found (%): 


C. 50.79; 
C. 50.49; 


H,4.71; 
H,4.64; 


N, 12.47 
N. 12.36 



IR (KBr) (cm-1): 1693. 1621. 1509, 1260 

NMR (270MHz; DMSO-de) 6 (ppm): 1 3.65(1 H. brs). 7.81 (1 H. d. J=16.3Hz), 7.37(1 H. s). 7.20(1 H, s). 7.06 
(1H. d. J=16.3Hz), 4.07(2H, q, J=6.9Hz), 3.95(2H. q, J=6.9Hz), 3.86(3H. s). 3.82(3H, s), 1.27(3K t, J=6.9Hz). 
1.15(3H,t, J=6.9Hz) 

Reference Example 12 

(E)-8-(2-BronrKM,5-dimethoxystyryl)-1.3-dlethyt-7-methyixanthine (Compound 60) 
Substantially the same procedure as in Example 2 was repeated using 1.50 g (3.34 nunol) of Compound 
59 obtained in Reference Example 11 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from hexane/ethyl acetate to give 1.43 g (yield 92%) of Compound 60 as yellow needles. 

Melting Point 234.2-234.9<»C 



Elemental Analysis: C2oH23BrN404 


Calcd. (%): 
Found (%): 


C, 51.85; 
C. 51.96; 


H. 5.00; 
H, 4.95; 


N. 12.09 
N, 11.90 



IR (KBr) Vma, (cm-1): 1688, 1648, 1504. 1307, 1261 

NMR (270MHz; CDO^ 6 (ppm): 8.01(1H. d, J=15.8H2). 7.11(1H. s). 7.09(1H. s). 6.76(1H. d. J==15.8Hz). 
4.22(2H. q. J=6.9Hz), 4.09(2H. q. J=6.9Hz). 4.08 (3H. s). 3.95(3H. s). 3.92(3H, s). 1.39(3H. t. J=6.9Hz). 
1.27(3H. t. J=6.9Hz) 

Reference Example 13 

(E)-8-(4.5-Dimethoxy-2-nitrostyryl>-1.3-diethylxanthine (Compound 61) 
Substantially the same procedure as in Example 1 was repeated using 1.50 g (7.57 mmol) of 5.6-diamlno- 
1.3-diethyluracfl and 2.11 g (8.33 mmol)of 4.5-dimethoxy-2-nitrocinnamicacid. Then, the resultant crude crys- 
tals were recrystallized from dioxane to gh^e 1 .22 g (yield 39%) of Compound 61 as orange needles. 

Melting Point 283.6.284.2°C 



Elemental Analysis: C19H21N5O6 


Calcd. (%): 
Found (%): 


C. 54.94; 
C. 54.90; 


H, 5.09; 
H. 5.07; 


N, 16.86 
N, 16.88 



IR (KBr) (cnrri): 1692. 1641. 1520 

NMR (270MHz; DMSO-de) 6 (ppm): 7.99(1H. d, J=16.3Hz). 7.61(1H. s). 7.38(1H. s). 7.15(1H, d. 
J=16.3Hz), 4.06(2H. q. J=6.9Hz). 3.98(3H. s). 3.95(2H, q. J=6.9Hz), 3.89(3H. s). 1.26(3H. t. J=6.9Hz), 1.15 
(3H. t. J=6.9Hz) 
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Reference Example 14 

(E)-8-{4,5-Dimethoxy-2-nitrostyryl)-1 .3-diethyl-7-methylxanthine (Compound 62) 
Substantially the same procedure as in Example 2 was repeated using 822 mg {1 .98 mmol) of Compound 
61 obtained In Reference Example 1 3 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from ethyl acetate to give 762 mg (yield 90%) of Compound 62 as orange needles. 
Melting Point 246.3-246.8*»C 



Elemental Analysis: C20H23NSO6 


Calcd. (%): 
Found (%): 


C. 55.94; 
C, 55.98; 


H, 5.40; 
H. 5.42; 


N, 16.31 
N, 16.43 



IR (KBr) v,„ax (cnri): 1692. 1657. 1519. 1273 

NMR(270MHz; CDOj) 5 (ppm): 8.27(1 H, d. J=15.8Hz). 7.66(1 H. s). 7.03(1 H, s), 6.77(1 H, d, J=15.8Hz). 
4.21 (2H. q, J=6.9Hz). 4.10(3H, s), 4.09(2H. q, J=6.9Hz).4.05(3H. s), 4.00(3H. s), 1 .37(3H, t. J=6.9Hz). 1.27(3H. 
t. J=6.9Hz) 

Reference Example 15 

(E)-1.3-Diethyt-8-(3-methoxy-2-nitrostyry1)xanthine (Compound 63) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1.3-diethyluracil and 3.10 g (13.9 mmol) of 3-methoxy-2-nitrocinnamic add. Then, the resultant crude crystals 
were recrystallized from dioxane/water to give 2.28 g (yield 47%) of Compound 63 as orange needles. 

Melting Point >285*'C 



Elemental Analysis: CisHigNeOs 


Calcd. (%): 
Found (%): 


C, 56.10; 
C. 56.37; 


H.4.97; 
H.4.88; 


N, 18.17 
N, 17.85 



IR (KBr) Vmax (cm-i): 1695. 1640. 1533 

NMR(270MHz; DMSO-d«) 6 (ppm): 13.88(1H, brs), 7.60-7.56(2H, m). 7.39(1H. d. J=16.3Hz), 7.32(1H. 
dd, J=6.9. 3.0Hz). 7.21(1H, d, J=16.3Hz). 4.05(2H, q. J=6.9Hz), 3.94(2H. q. J=6.9Hz), 3.91(3H, s), 1.25 (3H. 
t. J=6.9Hz), 1.14(3H. t. J=6.9Hz) 

Reference Example 1 6 

(E)-1,3-Dlethyl-8-(3-methoxy-2-nitrostyryl)-7-methybcanthine (Compound 64) 
Substantially the same procedure as in Example 2 was repeated using 688 mg (1 .79 mmol) of Compound 
63 obtained in Reference Example 1 5 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from ethyl acetate to give 623 mg (yield 87%) of Compound 64 as yellow needles. 

Melting Point 258.4-259.9''C 



Elemental Analysis: CigH2iN506 


Calcd. (%): 
Found (%): 


C. 57.14; 
C. 57.26; 


H. 5.30; 
H. 5.34; 


N, 17.53 
N, 17.26 



IR (KBr) Vto, (cnri): 1697, 1546. 1530 

NMR (270MHz; CDCI3) 6 (ppm): 7.62(1 H, d. J=15.3Hz), 7.46(1 H. dd. J=8.4, 7.9Hz), 7.30(1 H, d, 
J=7.9Hz). 7.05(1H, d. J=8.4Hz), 6.95(1H, d. J=15.3Hz), 4.19 (2H. q, J=6.9Hz). 4.08(2H, q. J=6.9Hz). 4.05(3H. 
s). 3.94(3H. s). 1.36(3H. t. J=6.9Hz). 1.26(3H, t, J=6.9Hz) 
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Reference Example 17 

(E)-1.3-Diethyt-8-(3-fluorostyry1)xanthine (Compound 65) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5,6-diamino- 
1 ,3-diethyluracil and 2.77 g (1 6.7 mmol) of 3-f luorocinnamlc acid. Then, the resultant crude crystals were re- 
crystallized from dioxane/water to give 1 .96 g (yield 40%) of Compound 65 as a pale yellow powder. 

Melting Point >270*'C 



Elemental Analysis: C17H17FN4O2 


Calcd. (%): 
Found (%): 


C. 62.19; 
C. 61.90; 


H, 5.22; 
H. 5.21; 


N, 17.06 
N, 17.15 



IR (KBr) (cm-1): 1692. 1622, 1501 

NMR {270MHz; CF3COOD) 8 (ppm): 11.6(1H, brs). 8.05(1H. d, J=16.5Hz), 7.56-7.46(2H. m), 7.38(1H. 
d. J=9.2Hz), 7.29-7.22(1H. m). 7.19(1H, d, J=16.5Hz). 4.43-4.03(4H, m), 1.52(3H. t. J=7.3Hz). 1.41(3H. t, 
J=6.9Hz) 

Reference Example 18 

(E)-1,3-Diethyl-8-(3-fluorostyryt)-7-methylxanthlne (Compound 66) 
Substantially the same procedure as in Example 2 was repeated using 1.80 g (5.49 mmol) of Compound 
65 obtained in Reference Example 1 7 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from tduene/cyclohexane to give 1.04 g (yield 55%) of Compound 66 as white needles. 

Melting Point 178.2-179.4^C 



Elemental Analysis: C18H10FN4O2 O.25H2O 


Calcd. (%): 
Found (%): 


C. 62.33; 
C, 62.19; 


H, 5.67; 
H, 5.63; 


N. 16.15 
N. 16.26 



IR (KBr) Vmax (crrri): 1694. 1650 

NMR (270MHz; DMSO-de) 6 (ppm): 7.75(1H. dd, J=10.1, 2.0Hz), 7.66(1H, d, J=15.8Hz). 7.63-7.60(1H, 
m), 7.50-7.42(1H, m), 7.44(1H, d, J=15.8Hz), 7.19(1H, dt, J=2.0, 8.3Hz), 4.10-4.05(2H. m), 4.05(3H, s), 
3.92(2H, q, J=7.0Hz), 1.26(3H, t, J=7.1Hz), 1.13 (3H. t, J=7.0Hz) 

Reference Example 19 

(E)-8-(3,5-Dimethoxystyryl)-1.3-diethyixanthine (Compound 67) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5,6-diamino- 
1,3-diethyluracil and 3.48 g (16.7 mmol) of 3,5-dimethoxycinnamic acid. Then, the resultant crude crystals 
were recrystallized from ethanol/water to give 2.74 g (yield 49%) of Compound 67 as a white powder. 

Melting Point >270^C 



Elemental Analysis: C19H22N4O4 O.5H2O 


Calcd. (%): 
Found (%): 


C. 60.15; 
C, 60.41; 


H, 6.11; 
H,6.15; 


N. 14.77 
N, 15.02 



IR (KBr) v™„ (cnri): 1686, 1638, 1587 

NMR(270MHz; DMSO-de) 5 (ppm): 7.57(1 H, d, J=16.5Hz). 7.07(1 H, d, J=16,5Hz), 6.79(2H. d, J=2.0Hz), 
6.50 (1H, t, J=2.0Hz). 4.06(2H, q, J=7.0Hz), 3.94(2H, q, J=6.9Hz). 3.79(6H,s). 1.26(3H, t, J=7.0Hz), 1.14(3H, 
t, J=6.9Hz) 
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Reference Example 20 

(E)-8-{3,5-Diinethoxystyryl)-1,3-diethyl-7-methylxanthine (Compound 68) 
Substantially the same procedure as in Example 2 was repeated using 3.00 g (8.11 mmol) of Compound 
67 obtained in Reference Example 19 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from toluene/cyclohexane to give 2.28 g (yield 73%) of Compound 68 as yellow needles. 

Melting Point 1 84.2-1 85.3''C 



Elemental Analysis: C20H24N4O4 


Calcd. (%): 
Found (%): 


C. 62.49; 
C. 62.66; 


H. 6.29; 
H, 6.48; 


N, 14.57 
N. 14.65 



IR (KBr) (crrri): 1690, 1659. 1595 

NMR(270MHz; DMSO-do) 6(ppm): 7.60(1 H, d. J=15.7H2). 7.35(1 H. d. J=15.7Hz). 6.98(2H. d. J==2.2Hz), 
6.51 (1H. t, J=2.2Hz). 4.11-4.01(2H. m). 4.05(3H. s), 3.92(2H. q. J=7.0Hz), 3.80(6H. s). 1.26(3H. t. J=7.1Hz). 
1.13(3H,t. J=7.0Hz) 

Reference Example 21 

(E)-8-(3-Chlorostyryl)-1.3-dtethylxanthine (Compound 69) 
Substantially the same procedure as in Example 1 was repeated using 3.50 g (1 7.7 mmol) of 5,6-diamino- 
1 .3-diethyluracQ and 3.55 g (19.4 nrunol) of 3-chlorocinnamlc acid. Then, the resultant crude crystals were re- 
crystallized from dioxane/water to give 2.57 g (yield 42%) of Compound 69 as white plates. 
Melting Point >280*'C 



Elemental Analysis: Ci7Ht7CIN402 


Calcd. (%): 
Found (%): 


C. 59.22; 
C. 59.12; 


H.4.97; 
H,5.01; 


N. 16.25 
N. 16.30 



IR (KBr) Vmax (cm-1): 1689. 1640. 1490 

NMR (270MHz; CF3COOD) 6 (ppm): 8.35(1 H. d. J=16.4Hz). 8.01(1 H, s), 7.52-7.36(3H, m). 7.14(1 H. d, 
J=16.4Hz), 4.37-4.23(4H, m). 1.45(3H. t. J=6.8Hz), 1.34(3H. t. J=6.9Hz) 

Reference Example 22 

(E)-8-(3-Ch!orostyryI)-1.3-diethyl-7-methylxanthine (Compound 70) 
Substantially the same procedure as in Example 2 was repeated using 3.00 g (8.72 mmol) of Compound 
69 obtained in Reference Example 21 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from ethanol/water to give 1 .41 g (yield 45%) of Compound 70 as a pale yellow powder. 

Melting Point 1 34.0-1 34.4«C 



Elemental Analysis: CisHigCIN402 H20 


Calcd. (%): 
Found (%): 


C. 57.37; 
C, 57.67; 


H, 5.62; 
H. 5.51; 


N, 14.87 
N, 14.92 



IR (KBr) Vmax (cnri): 1688. 1656, 1545 

NMR (270MHz; DMSO-de) 6 (ppm): 7.98(1 H. s), 7.72(1 H. t, J=2.0Hz), 7.63(1 H. d, J=15.8Hz). 7.49- 
7.39(3H, m), 4.11-4.03(2H. m), 4.05(3H. s), 3.92(2H, q, J=6.9Hz), 1.26(3H. t, J=6.9Hz), 1.13(3H, t J=6.9Hz) 

Reference Example 23 

(E)-1,3-Dlethyl-8-(a-methylstyryl)xanthine (Compound 71) 
Substantially the same procedure as in Example 1 was repeated using 2.00 g (10.1 mmol) of 5,6-diamino- 
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1 .3-diethy1uracil and 1 .80 g (11.1 mmol) of a-methylcinnamic acid. Then, the resultant crude crystals were re- 
crystallized from ethanol/water to give 1.63 g (yield 50%) of Compound 71 as white needles. 
Melting Point 250.8-252.0'»C 



5 


Elemental Analysis: C18H20N4O2 




Calcd. (%): 


C. 66.65; 


H,6.21; 


N, 17.27 




Found (%): 


C. 66.62; 


H, 6.30; 


N, 17.31 



IR (KBr) (crrr^): 1696, 1657, 1493 

NMR (270MHz; DMSO-de) 6 (ppm): 13.44(1H, brs). 7.61 (1H, d, J=1.3Hz). 7.49-7.30(6H. m). 4.07(2H. 
q. J=7.0Hz), 3.95(2H, q, J=6.9Hz), 2.31(3H, d, J=1.3Hz), 1.26(3H, t, J=7.0Hz). 1.14(3H, t. J=6.9Hz) 

Reference Example 24 

(E)-1,3-Diethyl-7-methyl-8-(a-methylstyryI)xanthine (Compound 72) 
Sutkstantialty the same procedure as in Example 2 was repeated using 1.00 g (3.09 mmol) of Compound 
71 obtained in Reference Example 23 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from ethanot/2-propanol to give 800 mg (yield 77%) of Compound 72 as white needles. 



Melting Point 1 37.2-1 39.3°C 





Eemental Analysis: CigH22N402 




Calcd. (%): 


C, 67.44; 


H, 6.55; 


N. 16.56 


25 


Found (%): 


C, 67.01; 


H. 6.73; 


N, 16.62 



IR (KBr) Vmax (cnrri): 1699. 1654, 1537 

NMR (270MHz; DMSO-de) 5 (ppm): 7.52-7.32(5H, m), 7.00 (1H, d, J=1.3Hz), 4.04(2H, q, J=7.2Hz), 
30 4.00(3H, s). 3.94(2H, q. J=6.9Hz), 2.29(3H, d. J=1.3Hz), 1.24(3H. t, J=7.2Hz), 1.13(3H, t, J=6.9Hz) 

Reference Example 25 

(E)-1,3-Diethyl-8-(4-trTfluoromethyistyryi)xanthine (Compound 73) 
35 Substantially the sanr>e procedure as in Example 1 was repeated using 2.20 g (1 1 .2 mmol) of 5.6-diamino- 
1.3-diethyluracfl and 2.66 g (12.3 mmol) of 4-trTfluoromethylcinnamic acid. Then, the resultant crude crystals 
were recrystallized from dioxane/waler to give 2.09 g (yield 49%) of Compound 73 as a white powder. 

Melting Point >280*'C 



40 


Elemental Analysis: CisHt7F3N402 




Calcd. (%): 


C, 57.14; 


H.4.53; 


N, 14.81 




Found (%): 


C, 57.25; 


H,4.51; 


N. 14.82 



IR (KBr) v„ax (cm-1): 1696. 1654. 1637, 1324 

NMR(270MHz; DMSO-de) 5 (ppm): 7.86(2H, d, J=8.1Hz), 7.76(2H, d. J=8.1Hz), 7.70(1 H. d, J=16.5Hz), 
7.20 (1H, d. J=16.5Hz). 4.07(2H, q, J=7.1Hz). 3.94(2H, q, J=7.0Hz), 1.26(3H, t. J=7.1Hz). 1 .14(3H. t. J=7.0Hz) 

Reference Example 26 

(E)-1 ,3-Diethyl-7-methyl-8-(4-trifluoromethylstyryi)xanthine (Compound 74) 
Substantially the same procedure as in Example 2 was repeated using 1.30 g (3.44 mmol) of Compound 
73 obtained in Reference Example 25 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from toluene/cyclohexane to give 990 mg (yield 73%) of Compound 74 as yellow needles. 

Melting Point 207.8-209.0'»C 
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Elemental Analysis: CigHigF3N402 


Calcd. (%): 
Found (%): 


C, 58.16; 
C, 58.22; 


H. 4.88; 
H. 4.84; 


N, 14.28 
N, 14.32 



IR (KBr) v,„ax (cnr^): 1700, 1667, 1325 

NMR(270MHz; DMSO-de) 6 (ppm): 8.03(2H, d, J=8.3Hz), 7.76(2H, d, J=8.3Hz). 7.73(1H, d, J=15.8Hz). 
7.53 (1H, d, J=15.8Hz). 4.11-4.03(2H, m), 4.09(3H, s). 3.92(2H, q, J=7.0Hz), 1.27(3H, t, J=6.9Hz), 1.13(3H, I, 
10 J=7.0Hz) 



Reference Example 27 



(E)-1,3-Dlethyl-8-(a-fluorostyryl)xanthine (Coriipound 75) 
Substantially the same procedure as in Example 1 was repeated using 1.08 g (5.47 mmol) of 5.6-diamino- 
1 ,3-diethyluracll and 1 .00 g (6.02 nvnol) of a-fluorocinnamlc acid. Then, the resultant crude crystals were re- 
CTystallized from dioxane/water to give 1 .04 g (yield 58%) of Compound 75 as white plates. 



Melting Point >280'»C 



20 


Elemental Analysis: C17H17FN4O2 




Calcd. (%): 


C, 62.19; 


H,5.22; 


N, 17.06 




Found (%): 


C. 62^8; 


H, 5.22; 


N, 17.07 



IR (KBr) v,^ (cm-i): 1695, 1644, 1506 

NMR (270MHz; DMSO-de) 6 (ppm): 7.68(2H, d, J=6.9Hz), 7.47-7.35(3H, m), 6.93(1 H, d, J=36.3Hz), 
4.06(2H, q, J=6.9Hz), 3.94(2H, q, J=7.0Hz), 1.26(3H, t, J=6.9Hz), 1.14(3H. t. J=7.0Hz) 

Reference Example 28 

(E)-1 ,3-Diethyl-8-(a-fluorostyryi)-7-methyIxanthine (Compound 76) 
Sut)stantially the same procedure as in Example 2 was repeated using 800 mg (2.44 mmol) of Compound 
75 obtained in Reference Example 27 in place of Compound 1. Then, the resultant crude aystals were recrys- 
talltzed from toluene/cyclohexane to give 550 mg (yield 66%) of Compound 76 as a white powder. 

Melting Point 153.5-155.5«C 



Elemental Analysis: C1SH19FN4O2 


Calcd. (%): 
Found (%): 


C, 63.15; 
C, 63.25; 


H, 5,59; 
H, 5.66; 


N, 16.36 
N, 16.44 



IR (KBr) v,nax (cm-1): 1696, 1662, 1539 

NMR (270MHz; CDQa) 5 (ppm): 7.68-7.65(2H, m) , 7.47-7.31(3H, m), 6.89(1H, d, J=39.3Hz), 4.13- 
45 4.05(2H, m), 4.21(3H, s), 4.09(2H, q, J=7.1Hz), 1.37(3H, t, J=7.1Hz). 1.27(3H, t, J=7.1Hz) 



Reference Example 29 



{E)-8-(4-BrDnnostyryl)-1,3-diethylxanthlne (Compound 77) 
Substantially the same procedure as in Example 1 was repeated using 2.20 g (11 .1 mmol) of 5,6-diamino- 
1,3-diethyluracil and 2.78 g (12.2 mmol) of 4-bromocinnamic acid. Then, the resultant crude crystals were re- 
crystallized from tetrahydrofuran/water to give 930 mg (yield 22%) of Compound 77 as yellow columns. 

Melting Point >270°C 
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Elemental Analysis: Ci7Hi7BrN402 


Calcd. (%): 
Found (%): 


C, 52.46; 
C. 52.41; 


H,4.40; 
H,4.28; 


N. 14.39 
N, 14.43 



10 



15 



IR (KBr) (cm-i): 1686, 1619, 1496 

NMR (270MHz; DMSO-de) 6 (ppm): 7.63-7.18(4H, m), 7.60 (1H, d, J=16.2H2). 7.07(1H. d, J=16.2H2), 
4.06(2H, q. J=6.9Hz). 3.94(2H, q, J=6.8Hz). 1.26(3H, t, J=6.9Hz). 1.14(3H. t, J=6.8Hz) 

Reference Example 30 

(E)-8-(4-Bromostyryl)-1,3-dlethyl-7-methylxanthln8 (Compound 78) 
Substantially the same procedure as In Example i was repeated using 1.80 g (4.63 mmol) of Compound 
77 obtained in Reference Example 29 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from toluene/ethand to give 660 mg (yield 35%) of Compound 78 as pale yellow needles. 

Melting Point 1 98.5-1 98.9X 

Elemental Analysis: CieHigBrN402 " 0 . 25H20 



20 

Calcd, (%) : C, 53.02; H, 4.82; N, 13.74 
Found (%) : C, 53.09; 4,62; N, 13.79 

25 IR (KBr) v™, (cnrri): 1691. 1662, 1543 

NMR (270MHz; DMSO-de) 5 (ppm): 7.78(2H. d, J=7.6Hz). 7.67-7.61(3H. m). 7.41(1H, d, J=16.2Hz). 
4.11-4.04 (2H, m), 4.04(3H, s). 3.92(2H, q, J=6.7Hz). 1.26 (3H, t. J=6.8Hz), 1.13(3H, t. J=6.7Hz) 



30 



35 



Reference Example 31 

(E)-1 ,3-Diethyl-8-(3-trifluoromethoxystyryl)xanthine (Compound 79) 
Substantially the same procedure as in Example 1 was repeated using 1 .00 g (5.05 mmol) of 5,6-diamino- 
1 ,3-diethyluracil and 1 .29 g (5.56 mmol) of 3-trif luoromet hoxycinnamic acid. Then, the resultant crude crystals 
were recrystallized from dioxane/water to give 1.19 g (yield 60%) of Compound 79 as white needles. 

Melting Point 266.4-267.3°C 





Elemental Analysis: Ci8Hi7F3N403 




Calcd. (%): 


C. 54.83; 


H. 4.34; 


N, 14.21 


40 


Found (%): 


C. 54.79; 


H,4.22; 


N, 14.20 



45 



IR (KBr) (cnri): 1697. 1658. 1500, 1262 

NMR (270MHz; DMSO-d^) 6 (ppm): 13.57(1H. brs), 7.67 (1H, d. J=16.5Hz), 7.66(1H. d. J=7.9Hz), 
7.63(1 H. s). 7.55(1 H. t. J=7.9Hz). 7.34(1 H. d. J=7.9Hz). 7.14(1 H. d, J=16.5Hz). 4.07(2H. q, J=6.9Hz). 3.94 (2H, 
q, J=6.9Hz), 1.27(3H. t, J=6.9Hz), 1.14(3H, t. J=6.9Hz) 



50 



Reference Example 32 

(E)-1 .3-Diethyt-7-methyl-8-(3-trif luoromethoxystyryl)xanthine (Compound 80) 
Substantially the same procedure as in Example 2 was repeated using 700 mg (1 .78 mmol) of Compound 
79 obtained in Reference Example 31 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from ethyl acetate to give 329 mg (yield 45%) of Compound 80 as white needles. 

Melting Point 178.7-1 79.3°C 
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Elemental Analysis: C19H10F3N4O3 


Calcd. (%): 
Found (%): 


C, 55.88; 
C. 56.27; 


H.4.69; 
H, 4.68; 


N, 13.72 
N. 13.67 



IR (KBr) v,„ax (cm-i): 1694, 1660. 1265, 1213 

NMR {270MHz; CDCI3) 6 (ppm): 7.77(1H, d, J=15.8Hz), 7.53-7.20(4H, m), 6.93(1H, d, J=15.8Hz), 
4.21(2H, q, J=6.9Hz), 4.09(2H, q. J=6.9Hz), 4.08(3H, s), 1.38(3H, t. J=6.9Hz). 1.27(3H, t, J=6.9Hz) 

Reference Example 33 

(E)-1,3-Dlethyl-8-(4-nnethoxymethoxystyryl)xanthine (Compound 81) 
Substantially the same procedure as In Example 1 was repeated using 4.00 g (20.2 mmol) of 5.6-dlamlno- 
1.3-diethyiuracfl and 4.62 g (22.2 mnrwl) of 4-methoxymethoxycinnamlc acid. Then, the resultant crude crys- 
tals were recrystallized from dtoxane/water to give 4.80 g (yield 64%) of Compound 81 as pale yellow needles. 

Melting Point 270.2-271. 4«'C 



Elemental Analysis: C19H22N4O4 


Calcd. (%): 
Found (%): 


C, 61.61; 
C, 61.97; 


H, 5.98; 
H. 5.98; 


N, 15.13 
N. 15.05 



IR (KBr) (cm-1): 1695. 1641, 1510. 1238 

NMR (270MHz; DMSO-de) 6 (ppm): 1 3.40(1 H. brs), 7.60 (1H, d, J=16.5Hz), 7.57(2H, d, J=8.6Hz), 
7.06(2H, d, J=8.6Hz), 6.90(1H, d, J=16.5Hz), 5.23(2H, s), 4.07(2H, q. J=6.9Hz), 3.94(2H. q. J=6.9Hz). 3.39 
(3H, s). 1.26(3H, t, J=6.9Hz), 1.14(3H, t. J=6.9Hz) 

Reference Example 34 

(E)-1 ,3-Diethyl-8-(4.methoxymethoxystyryl)-7-methylxanthine (Compound 82) 
Substantially the same procedure as in Example 2 was repeated using 3.50 g (9.45 mmol) of Compound 
81 obtained in Reference Example 33 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from hexane/ethyl acetate to give 3.39 g (yield 93%) of Compound 82 as pale yellow plates. 

Melting Point 1 63.9-1 64.7<'C 



Elemental Analysis: C20H24N4O4 


Calcd. (%): 
Found (%): 


C, 62.49; 
C, 62.21; 


H, 6.29; 
H, 6.27; 


N, 14.57 
N. 14.58 



IR (KBr) vm« (cm-1): 1688. 1651, 1510, 1238 

NMR (270MHz; CDCI3) 6 (ppm): 7.75(1 H. d. J=15.8Hz), 7.53(2H, d. J=8.6Hz). 7.07(2H. d, J=8.6Hz), 6.79 
(1H, d. J=15.8Hz), 5.21(2H, s), 4.21(2H. q. J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.05(3H, s), 3.50 (3H, s), 1.38(3H, 
t, J=6.9Hz), 1.26(3H, t, J=6.9Hz) 

Reference Example 35 

(E)-1.3-Diethyl-8-(4-fluorostyryl)xanthine (Compound 83) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5.6-diamino- 
1,3-diethyluracil and 2.31 g (13.9 mmol) of 4-fluorocinnamic acid. Then, the resultant crude crystals were re- 
crystallized from tetrahydrofuran/water to give 2.00 g (yield 51%) of Compound 83 as colorless columns. 

Melting Point >270*'C 
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Elemental Analysis: C17H17FN4O2 


Calcd. (%): 
Found (%): 


C. 62.19; 
C, 62.02; 


H. 5.22; 
H, 5.12; 


N, 17.06 
N. 17.02 



IR (KBr) (cm-i): 1689. 1560. 1508 

NMR (270MHz; DMSO-de) 6 (ppm): 8.06(1H, d. J=16.3Hz). 7.72(2H. dd, J=8.6. 5.2Hz), 7.21(2H. t, 
J=8.6Hz). 7.10(1H. d, J=16.3Hz), 4.43-4.30(4H, m). 1.53(3H, t. J=7.2Hz), 1.41(3H. t. J=7.2Hz) 

Reference Example 36 

(E)-1.3-Diethyl-8-(4-fluorostyryl)-7-methylxanthine (Compound 84) 
Substantially the same procedure as In Example 2 was repeated using 1.80 g (5.18 mmol) of Compound 
83 obtained in Reference Example 35 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from tduene/cyclohexane to give 510 mg (yield 29%) of Compound 84 as white needles. 

Melting Point 182,0-1 82. 5''C 



Elemental Analysis: C18H19FN4O2 


Calcd. (%): 
Found (%): 


C. 63.15; 
C. 63.18; 


H, 5.59; 
H.5.61; 


N. 16.36 
N, 16.40 



IR (KBr) (cm-1): 1687. 1654. 1514 

NMR (270MHz; DMSO-de) 5 (ppm): 7.88(2H, dd. J=8.1. 5.8Hz), 7.67(1H. d. J=15.8Hz ). 7.41-7.24{3H, 
m), 4.11-4.03(2H. m). 4.03(3H. s). 3.92(2H, q. J=6.8Hz). 1.26(3H, t. J=6.9Hz). 1.13(3H, t. J=6.8Hz) 

Reference Example 37 

(E)-8-[3.5-Bis(trifluoromethyl)styryl]-1,3-diethylxanthine (Compound 85) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5,6-diamino- 
1,3-diethyluraca and 4.73 g (16.7 mmol) of 3.5-bis(trifluoromethyl)cinnamic add. Then, the resultant crude 
crystals were recrystallrzed from dloxane to give 4.09 g (yield 61%) of Compound 85 as pale yellow needles. 
Melting Point >280<»C 



Elemental Analysis: CigHi6F6N402 


Calcd. (%): 
Found (%): 


C. 51.13; 
C, 50.96; 


H. 3.61; 
H. 3.40; 


N. 12.55 
N, 12.52 



IR (KBr) (cnrri): 1694. 1649. 1495. 1287 

NMR (270MHz; DMSO-de) 6 (ppm): 1 3.75(1 H, brs). 8.35 (2H, s). 8.05(1 H. s), 7.80(1 H, d, J=1 6.5Hz), 7.40 
(1H. d, J=16.5Hz). 4.08(2H, q. J=6.9Hz), 3.94(2H, q. J=6.9Hz). 1.27(3H. t. J=6.9Hz). 1.14(3H. t. J=6.9Hz) 

Reference Example 38 

(E)-8-[3.5-Bis(trifluoromethyl)styryl]-1.3-diethyl-7-methybcanthine (Compound 86) 
Substantially the same procedure as in Example 2 was repeated using 2.00 g (4.68 mmol) of Compound 
85 obtained in Reference Example 37 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from dioxane/water to give 1.43 g (yield 69%) of Compound 86 as pale green needles. 

Melting Point 204.9-205. rc 

MS-El m/e: 460(M^) 

IR (KBr) v™, (cnrri): 1699, 1653, 1546, 1282 

NMR (270MHz; CDCI3) 6 (ppm): 8.55(2H. s). 8.01(1 H. s). 7.85(1 H. d. J=15.8Hz), 7.72(1H. d. J=15.8Hz). 
4.09 (3H, s), 4.08(2H, q. J=6.9Hz). 3.93(2H, q, J=6.9Hz), 1.28(3H, t, J=6.9Hz), 1.14{3H, t, J=6.9Hz) 
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Reference Example 39 

(E)-8-(3,5-Difluorostyryl)-1.3-diethylxanthine (Compound 87) 
Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5,6-dlamino- 
5 1 ,3-diethyluracil and 3.06 g (1 6.6 mmol) of 3,5-d(f luoroclnnamic acid. Then, the resultant crude crystals were 
recrystallized from dioxane/water to give 3.30 g (yield 63%) of Compound 87 as pale yellow plates. 
Melting Point >280**C 





Elemental Analysis: Ci7HieF2N402 


10 


Calcd. (%): 


C, 58.96; 


H,4.65; 


N. 16.18 




Found (%): 


C, 58.82; 


H.4.65; 


N, 16.07 



IR (KBr) v,„„ (cm-1): 1686. 1634. 1589. 1489 

NMR (270MHz; DMSO-de) 6 (ppm): 13.66(1 H, brs). 7.60 (1 H, d. J=16.5Hz), 7.36(2H, dd. J=8.6, 2.0Hz), 
7.20(1H. dt. J=9.2. 2.0Hz), 7.16(1H, d, J=16.5Hz). 4.07(2H, q, J=6.9Hz). 3.94(2H, q, J=6.9H2). 1.26 (3H, t, 
J=6.9Hz), 1.14(3H. t. J=6.9Hz) 

Reference Example 40 

(E)-8-(3.5-Dlfluorostyryl)-1,3-diethyl-7-methy1xanthlne (Compound 88) 
Sut^stantially the same procedure as in Example 2 was repeated using 2.00 g (5.78 mmol) of Compound 
87 obtained in Reference Example 39 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from hexane/ethyl acetate to give 1 .80 g (yield 87%) of Compound 88 as pale yellow needles. 

Melting Point 1 77.0-1 78.6»C 

MS-EI m/e: 360(M^) 

IR (KBr) v™x (cm-1): 1683. 1619. 1593, 1543 

NMR (270MHz; CDCIg) 6 (ppm): 7.70(1H. d. J=15.5H2). 7.09(2H, dd. J=8.3, 2.0Hz). 6.91(1H. d, 
J=15.5Hz). 6.81(1H. dt. J=8.6. 2.0Hz), 4.21(2H. q, J=6.9Hz), 4.09(2H, q. J=6.9Hz), 4.08(3H. s), 1.38(3H. t, 
J=6.9Hz), 1.27(3H. t, J=6.9Hz) 

Reference Example 41 

(E)-1,3-Diethyl-8-(^-nitrostyryl)xanthine (Compound 89) 
Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mnwl) of 5,6-diamino- 
1,S-diethyluraca and 2.68 g (13.9 mmol) of 3-nitrocinnamic add. Then, the resultant crude crystals were re- 
crystallized from dioxane/water to give 2.01 g (yield 30%) of Compound 89 as a yellow powder. 
Melting Point >270*'C 



40 


Elemental Analysis: Ci7Hi7N5O4 0.25C4HeO2 




Calcd. (%): 


C. 57.29; 


H. 5.07; 


N, 18.56 




Found (%): 


C. 57.38; 


H, 5.06; 


N, 18.63 



45 



IR (KBr) Vmax (cm-i): 1688. 1640. 1530 

NMR (270MH2; DMSO-de) 6 (ppm): 8.42(1 H, d. J=1.7Hz). 8.1 8(1 H. dd. J=8.3, 1.7Hz), 8.12(1 H. d, 
J=7.9Hz), 7.75(1H, d. J=16.5Hz). 7.71(1H. t. J=7.9Hz). 7.24 (1H. d, J=16.5Hz). 4.08(2H, q, J=7.0Hz). 3.94(2H. 
q. J=7.0Hz), 1.27(3H. t J=7.0Hz). 1.14(3H. t. J=7.0Hz) 

50 

Reference Example 42 

(E)-1,3-Diethyl-7-methyl-&-(3-nitrostyry1)xanthine (Compound 90) 
Substantially the same procedure as in Example 2 was repeated using 700 mg (1 .97 mmol) of Compound 
55 89 obtained in Reference Example 41 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from acetonitrile to give 340 mg (yield 47%) of Compound 90 as a yellow powder. 
Melting Point 250.5-251. 7«C 
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Elemental Analysis: C16H19N5O4 


Calcd. (%): 
Found (%): 


C. 58.53; 
C, 58.47; 


H, 5.18; 
H,5.13; 


N. 18.96 
N, 18.89 



IR (KBr) vmax (cm-i): 1699, 1666. 1524 

NMR (270MHz; DMSO-de) 6 (ppm): 8.72(1H. s). 8.25(1H, d, J=7.9Hz). 8.19{1H, d. J=7.4Hz), 7.79(1H, 
d. J=1 5.8Hz). 7.72(1H. t. J=7.9Hz). 7.63(1 H. d, J=15.8Hz). 4.12-4.05(2H m), 4.08(3H, s). 3.93(2H. q. J=7.2Hz), 
1.27(3H, t, J=7.2Hz). 1.13(3H, t. J=7.2Hz) 

Reference Example 43 

(E)-8-(3-Bromostyryl)-1.3-dlethylxanthine (Compound 91) 
Substantially the same procedure as in Example 1 was repeated using 2.0 g (10.1 mmo\) of 5.6-diamino- 
1 .3-diethyluracfl and 2.52 g (11 .1 mmol) of 3-bronfX)cinnamic acid. Then, the resultant crude crystals were re- 
crystallized from tetrahydrofuran/water to give 2.01 g (yield 37%) of Compound 91 as pale green plates. 

Melting Point >270**C 



Elemental Analysis: Ci7Hi7BrN402 


Calcd. (%): 
Found (%): 


C. 52.46; 
C. 52.54; 


H.4.40; 
H.4.44; 


N, 14.39 
N. 14.37 



IR (KBr) (cnri): 1683. 1636. 1492 

NMR(270MHz; CF3COOD) 6 (ppm): 7.99(1H. d, J=16.6Hz). 7.84(1H. s). 7.70(1H. d. J=7.9Hz). 7.62(1H. 
d, J=7.9Hz). 7.40(1H, t. J=7.9Hz). 7.19(1H, d, J=:16.6Hz). 4.40^.30(4H. m). 1.53(3H, t. J=7.2Hz), 1.41(3H. t. 
J=7.2Hz) 

Reference Example 44 

(E)-8-(3-Bromostyryl)-1.3-diethyl-7-methylxanthine (Compound 92) 
Substantially the same procedure as In Example 2 was repeated using 2.5 g (6.43 mmol) of Compound 
91 obtained in Reference Example 43 in place of Compound 1 . Then, the resultant crude crystals were recrys- 
tallized from toluene/cyclohexane to give 600 mg (yield 69%) of Compound 92 as a yellow powder. 

Melting Point 1 87.3-1 88.2*»C 



Elemental Analysis: Ci8Hi9BrN402 


Calcd. (%): 
Found (%): 


C. 53.61; 
C. 53.83; 


H.4.75; 
H, 4.63; 


N. 13.89 
N. 13.70 



IR (KBr) vmax (cm-i): 1694. 1654 

NMR (270MHz; DMSO-de) 5 (ppm): 8.13(1 H. s), 7.76(1 H. d. J=7.6Hz). 7.63(1 H, d. J=15.8Hz). 7.54(1 H. 
d, J=8.9Hz), 7.46(1H. d. J=15.8Hz). 7,37(1H. t. J=8.2Hz). 4.11-4.03(2H, m). 4.05(3H. s). 3.92(2H. q. J=6.9Hz). 
1.26(3H. t, J=6.9Hz), 1.13(3H. t. J=6.9Hz) 

Reference Example 45 

(E)-1 ,3-Diethy1-8-(3-trlfluoromethyIstyryl)xanthine (Compound 93) 
Suljstantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5.6-diamino- 
1,3-dlethyluracil and 3.0 g (13.9 mmol) of 3-trifluoromethylcinnamic acid. Then, the resultant crude crystals 
were recrystallized from acetonitrile/water to give 2.07 g (yield 44%) of Compound 93 as white needles. 

Melting Point >270°C 
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Elemental Analysis: C18H17F3N4O2 


Calcd. (%); 
Found (%): 


C, 57.14; 
C, 57.15; 


H, 4.53; 
H, 4.47; 


N, 14.81 
N, 14.65 



IR (KBr) (cnri): 1691. 1641. 1495, 1334 

NMR (270MHz; DMSO-de) 6 (ppm): 1 3.65(1 H. brs). 7.99-7.95(2H. m), 7.76-7.63(3H. m). 7.21 (1H, d. 
J=16.1Hz). 4.07(2H. q. J=6.9Hz). 3.94 (2H, q. J=6.7Hz). 1.27(3H, t, J=6.9Hz). 1.14(3H, t. J=6.7Hz) 

Reference Example 46 

(E)-1,3-Dlethyl-7-methyl-8-(3-trifluoromethylstyryl)xanthine (Compound 94) 
Substantially the same procedure as in Example S was repeated using 1.70 g (4.50 nrunol) of Compound 
93 obtained in Reference Example 45 in place of Compound 1. Then, the resultant crude crystals were recrys- 
tallized from toluene/cyclohexane to give 1.14 g (yield 65%) of Compound 94 as a pale yellow powder. 

Melting Point 214.8-21 5.3^C 



Elemental Analysis: Ci9Ht9F3N402 


Calcd. (%): 
Found (%): 


C. 58.16; 
C. 58.13; 


H. 4.88; 
H. 4.90; 


N. 14.28 
N. 14.22 



IR (KBr) v,„ax (cm-1): 1697, 1664 

NMR (270MHz; DMSO-de) 6 (ppm): 8.26(1 H, s). 8.09(1 H. d. J=7.4Hz). 7.75(1 H. d, J=15.8Hz), 7.6&- 
7.62(2H. m), 7.56(1H. d, J=15.8Hz). 4.12^.00(2H. m). 4.07 (3H. s). 3.92(2H. q. J=6.9Hz), 1 .27(3H, t J=6.9Hz). 
1.13(3H.t. J=6.9Hz) 

Reference Example 47 

(E)-1,3-Diethyl-8-(2-fluorostyryl)xanthine (Compound 97) 
Substantially the sanm procedure as in Example 1 was repeated using 2.70 g (1 3.6 mmol) of 5,6-diamino- 
1 .3-diethyluracfl and 2.49 g (1 5.0 mnrwl) of 2-fluorocinnamic acid. Then, the resultant crude crystals were re- 
crystallized from dioxane/water to give 1.81 g (yield 41%) of Compound 97 as a white powder. 

Melting Point >270<»C 



Elemental Analysis: C17H17FN4O2 


Calcd. (%): 
Found (%): 


C. 62.19; 
C, 62.31; 


H, 5.22; 
H. 5.23; 


N. 17.06 
N. 17.09 



IR (KBr) Vmax (cm-i): 1687. 1650. 1557, 1498, 1451 

NMR(270MHz; DMSO-dg) 6 (ppm): 7.81(1H, t, J=7.9Hz), 7.72(1H. d. J=16.3Hz), 7.42-7.25(3H. m). 7.15 
(1H. d, J=16.3Hz). 4.07(2H, q, J=6.9Hz), 3.94(2H, q. J=6.9Hz), 1.26(3H, t, J=6.9Hz), 1.14(3H. t. J=6.9Hz) 

Reference Example 48 

(E)-1,3-Diethyl-8-(2-fluoro3tyryl)-7-methylxanthine (Compound 98) 
Substantially the same procedure as in Example 2 was repeated using 1.30 g (3.96 mmol) of Compound 
97 obtained in Reference Example 47 in place of Compound 1. Then, the resultant crude crystals were recrys- 
taliized from toluene/cyclohexane to give 440 mg (yield 32%) of Compound 98 as white needles. 
Melting Point 184.1-184.6*»C 
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Elemental Analysis: C1BH19FN4O2 


Calcd. (%): 
Found (%): 


C, 63.15; 
C, 63.01; 


H, 5.59; 
H,5.61; 


N. 16.36 
N, 16.27 



IR (KBr) (cm-i): 1697, 1668. 1541 

NMR (270MHz; DMSO-de) 6 (ppm): 8.04(1 H, t, J=8.4Hz), 7.77(1H. d, J=15.8Hz), 7.47-7.43(1H. m), 
7.45(1H. d. J=:15.8Hz), 7.3&-7.27(2H, m). 4.11-4.04(2H, m), 4.04(3H, s). 3.92{2H, q. J=7.0Hz), 1.26(3H, t, 
10 J=6.9Hz), 1 .1 3(3H, t, J=7.0Hz) 

Reference Example 49 

(E)-8-[4-(N,N-Dimethylamlno)styryl]-1 ,3-diethylxanthine (Compound 99) 
15 Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5,6-diamino- 
1,3-diethyIuracil and 3.30 g (17.3 mmol) of 4-(N,N-dimethylamino)cinnamic acid. Then, the resultant crude 
crystals were recrystallized from dioxane to give 2.78 g (yield 52%) of Compound 99 as yellow needles. 



Melting Point >300<'C 



20 


Elemental Analysis: C19H23N5O2 




Calcd. (%): 


C. 64.57; 


H, 6.56; 


N. 19.82 




Found (%): 


C. 64.78; 


H. 6.73; 


N. 19.94 



IR (KBr) (cm-i): 1691, 1650, 1606. 1530 

NMR (270MHz; DMSO-de) 6 (ppm): 13.20(1H, brs). 7.54 (1H. d, J=16.2Hz). 7.44(2H, d. J=8.6Hz). 
6.75(1H. d, J=16.2Hz). 6.74(2H. d. J=8.6Hz). 4.06(2H, q. J:=6.9Hz), 3.94(2H, q. J=6.9Hz). 2.97(6H, s). 1.26 
(3H, t, J=6.9Hz). 1.14(3H. t. J=6.9Hz) 

Reference Example 50 

(E)-1,3-Diethyl-8-(4-phenylstyryl)xanthine (Compound 100) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1 .3-diethyluracil and 3.1 2 g (1 3.9 mmol) of 4-phenylcinnamic acid. Then, the resultant crude crystals were re- 
crystallized from dioxane/water to give 1.90 g (yield 39%) of Compound 100 as yellow flocculent precipitates. 



Melting Point >270*C 





Elemental Analysis: C23H22N4O2 0.25H2O 


40 


Calcd. (%): 


C. 70.66; 


H. 5.80; 


N, 14.33 




Found (%): 


C, 70.90; 


H. 5.75; 


N, 14.32 



IR (KBr) (cm-1): 1689, 1639, 1492 
45 NMR (270MHz; DMSO-dg) 6 (ppm): 7.80-7.65(7H, m), 7.49 (2H, t, J=7.3Hz). 7.39(1H, t, J=7.3Hz). 

7.10(1H. d. J=16.3Hz). 4.07(2H, q, J=7.1Hz). 3.94(2H, q. J=6.8Hz), 1.27(3H, t, J=7.1Hz), 1.14(3H, t, J=6.8Hz) 

Reference Example 51 

50 (E)-1 ,3-Diethyl-7-methyl-8-(4-phenylstyryl)xanthine (Compound 101) 

Compound 100 (1.50 g, 3.89 mmol) obtained in Reference Example 50 was suspended in a mixed solvent 
of 1 3 ml of water, 3.9 ml of a 2N aqueous solution of sodium hydroxide, and 7 ml of methanol. To the suspension 
was dropwise added 0.55 ml (5.83 mmol) of dimethyl sulfate, and the resultant mixture was stirred at 60*»C for 
4 hours. Water (10 ml) was added thereto, and the deposited crystals were collected by filtration and dried. 
55 The obtained crude crystals were purified by silica gel column chromatography, followed by recrystallization 
from ethyl acetate to give 480 tug (yield 28%) of Compound 101 as yellow columns. 
Melting Point 200.5-201 .3<»C 
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Elemental Analysis: C24H24N4O2 O.5CH3CO2C2H5 


Calcd. (%): 
Found (%): 


C. 70.25; 
C, 70.36; 


H, 6.35; 
H, 6.47; 


N, 12.72 
N, 12.60 



IR (KBr) v™, (cm-i): 1685, 1649, 1541 

NMR (270MHz; DMSO-de) 6 (ppm): 7.95(1 H, d, J=14.8Hz), 7.76-7.69(6H, m), 7.52-7.45(3H. m), 
7.39(1H, t, J=6.4Hz), 4.12-3.99(2H, m), 4.06(3H, s), 3.92(2H, q. J=6.9Hz). 1.27(3H, t, J=6.9Hz), 1.14(3H. t. 
10 J=7.0Hz) 

Reference Example 52 

(E)-1,3-DlethyI-8-(3-fluoro-4-methoxystyryl)xamhlne (Compound 102) 
IS Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1.3-diethyluracil and 2.72 g (13.9 mmo\) of 3-fluoro-4-methoxycinnamic acid. Then, the resultant crude crys- 
tals were recrystallized from dioxane^vater to give 1.97 g (yield 44%) of Compound 102 as pale yellow floo- 
culent precipitates. 

Melting Point >270«C 



Elemental Analysis: CisHigFNUOa 


Calcd. (%): 
Found (%): 


C. 60.33; 
C. 59.99; 


H. 5.34; 
H, 5.34; 


N. 15.63 
N, 15.57 



IR (KBr) (cm-i): 1694. 1644. 1520. 1491 

NMR (270MHz; DMSO-de) 5 (ppm): 7.61-7.54(2H, m). 7.40 (1H, d, J=8.8Hz). 7.21(1H, t, J=8.8Hz). 
6.93(1H, d. J=16.3Hz). 4.06(2H, q. J=7.1Hz). 3.97-3.88(2H, m). 3.88(3H, s). 1.25(3H. t. J=7.2Hz), 1.14(3H, t, 
J=7.1Hz) 

30 

Reference Example 53 

(E)-1.3-Diethyl-8-(3-fluoro4-methoxystyryl)-7-methylxanthine (Compound 103) 
Sut>stantially the same procedure as in Example 2 was repeated using 1.50 g (4.19 mmol) of Compound 
^ 102 obtained in Reference Example 52 In place of Compound 1. Then, the resultant crude crystals were re- 
crystallized from tduene/ethanol to give 1.22 g (yield 78%) of Compound 103 as a pale yellow powder. 
Melting Point 211. 7-21 2.2°C 



Elemental Analysis: C19H21FN4O3 O.25H2O 


Calcd. (%): 
Found (%): 


C, 60.55; 
C. 60.75; 


H. 5.75; 
H,5.81; 


N, 14.87 
N, 14.92 



45 IR (KBr) (cm-1): 1694. 1653. 1544. 1520, 1459 

NMR(270MHz; DMSO-de) 6 (ppm): 7.82(1H, dd, J=12.9, 2.0Hz), 7.59(1 H. d, J=15.8Hz). 7.56-7.52(1 H. 
m). 7.26(1H. d, J=15.8Hz). 7.19(1H, t. J=8.9Hz), 4.10-4.02(2H, m), 4.02(3H. s), 3.94-3.88(2H, m), 3.88 (3H, 
s), 1.25(3H, t. J=6.9Hz), 1.13(3H. t. J=6.9Hz) 

50 Reference Example 54 

(E)-8-(3-Chloro-4-fluorostyryl)-1,3-diethylxanthine (Compound 104) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1,3-diethyluracil and 3.01 g (15.1 mmol) of 3-chloro-4-fluorocinnamic acid. Then, the resultant crude crystals 
55 were recrystallized from tetrahydrofuran/water to give 560 mg (yield 32%) of Compound 1 04 as a white powder. 
Melting Point >270X 
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Elemental Analysis: C17H16CIFN4O2 


Calcd. (%): 
Found (%): 


C, 56.28; 
C, 56.30; 


H,4.45; 
H, 4.43; 


N. 15.44 
N. 15.53 



IR (KBr) (cnri): 1695, 1649. 1504 

NMR (270MHz; DMSO-de) 6 (ppm): 7.93-7.91(1H, m). 7.66-7.63(1H, m), 7.58(1H. d, J=16.3Hz). 
7.46{1H, t J =8.9Hz), 7.08(1H. d, J=16.3Hz), 4.05(2H. q. J=7.1Hz), 3.93(2H, q. J=6.8Hz). 1.26(3H, t, J=7.1Hz). 
1.14(3H,t. J=6.8Hz) 

Reference Example 55 

(E)-8-(a-Chloro-4-fluorostyryl)-1,3^iethyl-7-mfethylxanthlne (Compound 105) 
Substantially the same procedure as In Example 2 was repeated using 1.80 9 (4.98 mmot) of Compound 
104 obtained in Reference Example 54 in place of Compound 1. Then, the resultant crude crystals were re- 
crystallized from ethyl acetate to give 820 mg (yield 44%) of Compound 105 as yellow needles. 

Melting Point 21 8.4-21 9. I^C 



Elemental Analysis: C18H1SCIFN4O2 


Calcd. (%): 
Found (%): 


C, 57.37; 
C, 57.23; 


H,4.81; 
H,4.85; 


N, 14.87 
N, 14.81 



IR (KBr) (cm-1): 1693, 1648, 1541, 1505, 1438 

NMR (270MHz; DMSO-de) 5 (PPm): 8.18(1H, dd. J=7.2, 2.3Hz), 7.84-7.79(1H. m), 7.63(1H, d. 
J=15.8Hz). 7.51-7.44(2H, m). 4.11-3.99(2H, m), 4.05(3H, s), 3.92(2H, q, J=6.9Hz), 1.25(3H, t, J=6.9Hz), 1.13 
(3H, t. J=6.9Hz) 

Reference Example 56 

(E)-1,3-Diethyl-8-(3-fluoro-2-methy1styryl)xanthine (Compound 108) 
Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1 ,3-diet hyluracB and 2.50 g (1 3.9 mnrrol) of 3-f luoro-2-methylcinnamic add. Then, the resultant crude crystals 
were recrystalllzed from dioxane to give 2.18 g (yield 51%) of Compound 108 as a white powder. 

Melting Point >270°C 



Elemental Analysis: Ci8Hi9FlsU02 


Calcd. (%): 
Found (%): 


C, 63.15; 
C, 62.81; 


H, 5.59; 
H, 5.71; 


N, 16.36 
N, 16.09 



IR (KBr) (cm-1) : 1696, 1658, 1499 

NMR (270MHz; DMSO-de) 6 (PPm): 13.7(1H, brs), 7.87(1H, d, J=16.6Hz), 7.59(1H, d, J=7.4Hz), 7.31- 
7.23(1 H, m), 7.1 5(1 H, t, J=8.7Hz), 7.05(1 H, d, J=16.6Hz), 4.06(2H, q, J=6.9Hz), 3.94(2H, q. J=6.9Hz). 2.33 
(3H, d, J=2.0Hz), 1.26(3H, t, J=7.1Hz), 1.14(3H, t, J=6.9Hz) 

Reference Example 57 

(E)-1 ,3-Diethyl-8-(3-fluoro-2-methylstyryl)-7-methylxanthine (Compound 109) 
Substantially the same procedure as in Example 2 was repeated using 1 .30 g (3.80 mmol) of Compound 
108 obtained in Reference Example 56 In place of Compound 1. Then, the resultant crude crystals were re- 
crystallized from 2-propanol/water to give 1 .12 g (yield 83%) of Compound 109 as white flocculent precipitates. 

Melting Point 198.1-198.7**C 
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Elemental Analysis: CiftHjiFNUOj O.5H2O 


Calcd. (%): 
Found (%): 


C. 62.45; 
C, 62.39; 


H. 6.07; 
H. 6.26; 


N, 15.33 
N. 15.25 



IR (KBr) Vmax (cnr^): 1695. 1654, 1543 

NMR (270MHz; DMSO-de) 5 (ppm): 7.85(1 H, d, J=15.5Hz), 7.75(1 H. d, J=7.9Hz). 7.34^7.27(1 H. m). 
7.29(1H, d, J=15.5Hz), 7.18(1H. t, J=8.9Hz). 4.12-4.04(2H. m), 4.04(3H, s). 3.92(2H, q. J=6.9Hz). 2.32(3H, d. 
10 J=1.7Hz), 1.27(3H, t. J=7.1Hz) . 1.13(3H. t, J=6.9Hz) 

Reference Example 58 

(E)-8.(3,4-Dihydroxystyryl)-1.3-diethyt-7-methy1xanthlne (Compound 110) 
15 Compound 2 (2.00 g. 5.20 mmoi) obtained in Example 2 was dissolved in 40 ml of methylene chloride. To 
the solution was added 26 ml (26 mnrK>l) of boron tribromide (1 .OM methylene chloride solution) under ice cool- 
ing in argon atmosphere, and the mixture was stirred overnight at room temperature. Methanol was added 
thereto and the mixture was separated with chloroform-an aqueous solution of sodium bicarbonate. The or- 
ganic layer was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous sodium 
20 sulfate, followed by evaporation under reduced pressure. The residue was recrystallized from ethanol to give 
643 mg (yield 35%) of Compound 110 as pale yellow grains. 
Melting Point 247.5-248.2*»C 
MS-EI m/e: 356(M^) 

IR (KBr) (cm-i): 1675, 1642. 1543, 1520. 1298 
25 NMR (270MHz; DMSO-de) 5 (ppm): 9.31(1H. brs), 8.95(1H, brs), 7.50(1H, d, J=15.8Hz), 7.16(1H. s). 

7.05{1H. d. J=7.9Hz), 7.00(1H. d. J=15.8Hz), 6.77(1H. d, J=7.9Hz), 4.06(2H. q, J=6.9Hz), 3.99{3H. s). 3.92 
(2H. q. J=6.9Hz). 1.25(3H, t, J=6.9Hz), 1.13(3H, t, J=6.9Hz) 

Reference Example 59 

30 

(E)-1,3-Diethyi-8-(3-hydroxy-4-methoxystyryl)-7-methylxanthine (Compound 111) 
Compound 110 (400 mg, 1.12 mmd) obtained in Reference Example 58 was dissolved in 8 ml of dime- 
thylformamlde. To the solution were added 0.35 ml (5.62 mmoI) of methyl iodide and 415 mg (5.62 mmd) of 
lithium carbonate, and the mixture was stirred at 80*C for 3.5 hours. Water was added thereto to dissolve li- 
35 thium carbonate, followed by addition of chloroform. The organic layer was washed with a saturated aqueous 
solution of sodium chloride and dried over anhydrous sodium sulfete. followed by evaporation under reduced 
pressure. The residue was purified by silica gel column chromatography (eluent chloroform) to give 127 nng 
(yield 76%) of Compound 111 as a pale brown powder. The obtained crude crystals were further recrystallized 
firom ethanol. 
40 Melting Point 204.5-205. 8''C 

MS-EI nn/e: 370(M*) 

IR (KBr) (cnrri): 1689, 1653. 1515, 1442 

NMR (270MHz; DMSO-dg) 6 (ppm): 9.06(1H, s), 7.53(1H. d, J=15.5Hz), 7.23(1H, s), 7.17(1H, d, 
J=8.3Hz), 7.08(1 H, d, J=15.5Hz), 6.96(1 H. d, J=8.3Hz), 4.06 (2H. q, J=6.9Hz). 4.00(3H. s). 3.92(2H, q, 
45 J=6.9Hz), 3.82(3H, s), 1.25(3H, t, J=6.9Hz). 1.13 (3H, t, J=6.9Hz) 

Reference Example 60 

(E)-1.3-Diethyl-8-(4-hydroxystyryl)-7-methylxanthine (Compound 112) 

50 Compound 82 (2.70 g. 7.02 nnmol) obtained in Reference Example 34 was dissolved In 50 ml of tetrahy- 
drofuran. To the solution was added 17.6 ml of 2N hydrochloric acid, and the mixture was heated under reflux 
for 2.5 hours. The reaction solution was neutralized with a 2N aqueous solution of sodium hydroxide under ice 
cooling, water was added thereto, and the deposited crystals were collected by filtration. The obtained crude 
crystals were recrystallized from 2-propanol to give 2.33 g (yield 98%) of Compound 112 as yellow grains. 

55 Melting Point >270°C 
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Elemental Analysis: C1BH20N4O3 




Calcd. (%): 


C, 63.52; 


H, 5.92; 


N, 16.46 


5 


Found (%): 


C, 63.17; 


H, 6.02; 


N, 16.18 



IR (KBr) (cm-i): 1696, 1636, 1607, 1517 

NMR (270MHz: DMSO-de) 6 (ppm): 9.79(1H, s), 7.62(2H. d, J=8.3Hz), 7.58(1H, d, J=15.8H2), 7.08(1H, 
d, J=15.8Hz), 6.81(2H. d, J=8.3Hz). 4.07(2H, q, J=6.9Hz), 3.99(3H, s). 3.92 (2H, q, J=6.9Hz), 1.26 (3H. t, 
10 J=6.9Hz), 1 .1 3{3H, t, J=6.9Hz) 

Reference Example 61 

(E)-8-(4-Benzyloxystyryl)-1.3-dlethyi-7-methylxanthine (Compound 113) 
Compound 112 (100 mg, 0.29 mmol) obtained in Reference Example 60 was dissolved In 2 ml of dime- 
thylformamlde. To the solution were added 162 mg (1.17 mmol) of potassium cart>onate and 0.28 ml (2.35 
nnmol) of benzyl bromide, and the mixture was stirred at 80*'C for 2.5 hours. Water was added thereto under 
ice cooling to dissolve potassium cart)onate and the deposited crystals were collected by filtration. The col- 
lected crude crystals were dissolved in chloroform, washed with a saturated aqueous solution of sodium chlor- 
ide and dried over anhydrous sodium sulfate, followed by evaporation under reduced pressure. The residue 
was recrystallized from hexane/ethyt acetate to give 67 mg (yield 53%) of Compound 113 as yellow needles. 
Melting Point 1 84.7-1 85.4«C 





Elemental Analysis: C2SH26N4O3 


25 


Calcd. (%): 


C. 69,75; 


H, 6.08; 


N. 13.01 




Found (%): 


C, 69.70; 


H, 6.26; 


N. 12.79 



IR (KBr) (cnri): 1688, 1655, 1513. 1245 

NMR (270MHz; CDCI3) 6 (ppm): 7.74(1 H, d. J=15.8Hz). 7.53(2H. d. J=8.9Hz). 7.47-7.32(5H, m), 
7.01 (2H, d, J=8.9Hz), 6.78(1 H, d, J=1 5.8Hz). 5.1 1(2H, s). 4.21 (2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz). 4.04 (3H, 
s), 1.38(3H, t, J=6.9Hz), 1.26(3H, t, J=6.9Hz) 

Reference Example 62 

(E)-8-[4-(4-Bromobutoxy)styryll-1,3-diethyi-7-methylxanthine (Compound 114) 
Compound 112 (200 nr>g, 0.59 mmol) obtained in Reference Example 60 was dissolved in 4 ml of dime- 
thylformamide. To the solution were added 163 mg (1.18 mmol) of potassium carbonate and 0.56 ml (1.18 
mmol) of 1 ,4-dibromobutane, and the mixture was stirred at 50°C for 4 hours. Water was added thereto under 
ice cooling to dissolve potassium carbonate and the deposited crystals were collected by filtration. The ob- 
tained crude crystals were recrystallized from hexane/ethyt acetate to give 170 mg (yield 61%) of Compound 
114 as pale yellow grains. 

Melting Point 1 74.8-1 76,4'*C 



45 


Elemental Analysis: C22H27BrN403 




Calcd. (%): 


C. 55.59; 


H, 5.72; 


N, 11.79 




Found (%): 


C, 55.68; 


H, 5.85; 


N, 11.69 



IR (KBr) v„^ (cnrri): 1688, 1656. 1515, 1244 

NMR(270MHz; CDCI3) 6 (ppm): 7.74(1 H. d. J=15.8Hz), 7.53(2H, d. J=8.9Hz), 6.92(2H, d. J=8.9Hz), 6.77 
(1H, d, J=15.8Hz), 4.21(2H. q. J=6.9Hz). 4.13-4.02 (4H, m), 4.04(3H, s). 3.50(2H. t. J=6.6Hz), 2.14-1.93(4H, 
m). 1.38(3H, t, J=6.9Hz), 1.26(3H, t, J=6.9Hz) 

Reference Example 63 

(E)-8-[4-(4-Azidobutoxy)styryl]-1.3-diethyl-7-methylxanthine (Compound 115) 

73 
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Compound 114 (235 mg, 0.49 mmol) obtained in Reference Example 62 was dissolved in 10 ml of dlme- 
thylformamide. To the solution was added 161 mg (2.48 mmol) of sodium azide. and the mixture was stirred 
at 80°C for 3 hours. Water was added thereto under ice cooling and the deposited crystals were collected by 
filtration. The collected crude crystals were dissolved in chloroform, washed with a saturated aqueous solution 
5 of sodium chloride and dried over anhydrous sodium sulfate, followed by evaporation under reduced pressure. 
The residue was purified by silica gel column chromatography (eluent: chloroform), followed by recrystallization 
from hexane/ethyl acetate to give 216 mg (yield quant) of Compound 115 as pale yellow grains. 
Melting Point 158.5-1 58.9*' C 
MS-EI m/e: 437(M*) 



10 


Elemental Analysis: C22H27N7O3 




Calcd. (%): 


C. 60.40; 


H, 6.22; 


N, 22.41 




Found (%): 


C, 60.15; 


H, 6.31; 


N, 22.32 



IS 



IR (KBr) Vmax (cnr-i): 2094. 1653, 1605. 1543, 1515 

NMR(270MHz; CDCI3) 5 (ppm): 7.75(1H, d, J=15.5Hz), 7.53(2H, d, J=8.6Hz), 6.92(2H. d, J=8.6Hz), 6.77 
(1H. d. J=1 5.5Hz). 4.21(2H, q. J=6.9Hz), 4.13-3,69 (4H, m), 4.04(3H, s), 3.39(2H, t, J=6.6Hz). 1.93-1.79(4H, 
m), 1.38(3H, t. J=6.9Hz). 1.26(3H. t J=6.9Hz) 

Reference Example 64 

(E)-8-[4-(4-Aminobutoxy)styryll-1,3-diethyt-7-methylxanthine (Compound 116) 
Compound 115 (75 mg. 0.17 mmol) obtained in Reference Example 63 was dissolved in 7.5 ml of tetrahy- 
drofuran. To the solution was added 90 mg (0.34 mmol) of triphenyiphosphine. and the mbcture was heated 
under reflux for 3 hours. Water (5 ml) was added thereto and the mixture was heated under reflux for further 
one hour. After cooling, a 2N aqueous solution of sodium hydroxide was added thereto, and the mbcture was 
extracted with chloroform and dried over anhydrous sodium sulfate, followed by evaporation under reduced 
pressure. The residue was purified by sOica gel column chromatography (eluent chlorofornVmethanot/biethy- 
lamine) to give 74 mg (yield quant) of Compound 116. The obtained crude crystals were further recrystallized 
from 2-propanol/water. 

Melting Point 212.1-214.5°C 

MS-EI m/e:411(M*) 

IR (KBr) v„»ax (CTTT^): 1692. 1649. 1606, 1544. 1515 

NMR(270MHz; DMSO-de) 6 (ppm): 7.74(2H. d. J=8.6Hz). 7.62(1 H. d. J=16.2Hz), 7.20(1 H. d. J=16.2Hz), 
6.98 (2H, d. J=8.6H2). 4.08-3.88(6H. m). 4.02(3H. s), 2.83-2.74(2H. m), 1 .82-1 .59(4H. m), 1 .26(3H, t. J=6.9Hz). 
1.13(3H.t, J=6.9Hz) 

Reference Example 65 

(E)-8-(4-Ethoxycarbonylmethoxystyryl)-1,3-diethyl-7-methylxanthine (Compound 117) 
Compound 112 (300 mg. 0.88 nnmol) obtained in Reference Example 60 was dissolved in 10 ml of dime- 
thyiformamide. To the solution were added 731 mg (5.29 mmol) of potassium carbonate and 0.47 ml (4.41 
mmol) of ethyl chloroacetate, and the mbcture was stirred at room temperature for 2 hours. Water was added 
thereto to dissolve potassium carbonate and the deposited crystals were collected by filtration. The collected 
crude crystals were dissolved in chloroform, washed with a saturated aqueous solution of sodium chloride and 
dried over anhydrous sodium sulfate, followed by evaporation under reduced pressure. The residue was re- 
crystallized from hexane/ethyl acetate to give 341 mg (yield 91%) of Compound 117 as pale yellow needles. 

Melting Point 191.8-192.2«C 

MS-EI m/e: 426(M") 

IR (KBr) (cnrri): 1688, 1658, 1650. 1514, 1440 

NMR(270MHz; CDCI3) 5 (ppm): 7.74(1 H. d, J=15.8Hz). 7.54(2H. d, J=8.6Hz), 6.94(2H. d, J=8.6Hz). 6.79 
(1 H, d, J=1 5.8Hz). 4.66(2H. s). 4.29(2H, q. J=6.9Hz). 4.21(2H. q. J=6.9Hz), 4.09(2H. q. J=6.9Hz). 4.04(3H, s). 
1.38(3H, t, J==6.9Hz). 1.31 (3H, t. J=6.9Hz), 1.26(3H, t. J=6.9Hz) 
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Reference Example 66 



(E)-8-(4-Carboxymethoxystyryl)-1,3-diethyl-7-methylxanthine (Compound 118) 
Compound 117 (200 nf>g, 0.47 mmol) obtained in Reference Example 65 was dissolved in a mixed solvent 
5 of 4 ml of tetrahydrofuran. 4 ml of ethanol, and 2 ml of water. To the solution was added 98 nig (2.34 mmol) of 
lithium hydroxide monohydrate, and the mixture was stirred at room temperature for one hour. To the reaction 
solution was added 2N hydrochloric acid, and the mixture was extracted with chloroform and dried over anhy- 
drous sodium sulfate, followed by evaporation under reduced pressure. The residue was purified by silica gel 
column chronfiatography (eluent chlorofornn/methanol/acetic acid) to give 40 mg (yield 21%) of Compound 118 
10 as a pale yellow solid. 

Melting Point 267.5-269.0°C 
MS-EI m/e: 398(1^) 

IR (KBr) (cm-i): 1684, 1653. 1647. 1515 ^ 

NMR(270MHz; DMSO-de) S (ppm): 7.74(2H, d, J=8.6Hz). 7.62(1 H. d, J=15.8Hz). 7.20(1 H. d, J=:15.8Hz), 
15 6.96 (2H. d, J=8.6Hz), 4.70(2H, s). 4.07(2H, q, J=6.9Hz), 4.01 (3H. s). 3.92(2H, q. J=6.9Hz), 1.26 (3H, t, 
J=6.9Hz), 1.13(3H, t. J=6.9Hz) 



Reference Example 67 



20 (E)-1 ,3-Diethyl-8-(3-phenoxystyryl)xanthine (Compound 119) 

Substantially the same procedure as in Example 1 was repeated using 3.00 g (1 5.1 mmol) of 5.6-diamino- 
1.3-diethyluracfl and 4.00 g (16.7 mnrwl) of 3-phenoxycinnamic acid. Then, the resultant crude crystals were 
recrystallized from dioxaneAivater to give 3.62 g (yield 63%) of Compound 119 as pale yellow needles. 
Melting Point 241 .4-243.40C 



Elemental Analysis: C23H22N4O3 


Calcd. (%): 
Found (%): 


C. 68.64; 
C, 68.26; 


H. 5.51; 
H. 5.59; 


N. 13.92 
N. 13.79 



IR (KBr) (cm-i): 1640. 1579. 1492. 1265 

NMR (270MHz; DMSO-dg) 6 (ppm): 13.52(1H. brs), 7.87 (1H. d. J=2.0Hz). 7.63(1H. dd. J=8.4. 2.0Hz). 
7.56 (1H, d. J=16.3Hz). 7.16(1H, d. J=8.4Hz). 6.95(1H. d. J=16.3Hz). 4.06(2H, q, J=6.9Hz). 3.93(2H. q, 
J=6.9Hz), 3.89(3H, s). 1.26(3H, t. J=6.9Hz), 1.14 (3H. t. J=6.9Hz) 

Reference Example 68 



(E)-1,3-Diethyl-7-methyl-8-(3-phenoxystyryl)xanthine (Compound 120) 
Substantially the same procedure as in Example 2 was repeated using 2.00 g (4.97 nrunol) of Compound 
119 obtained in Reference Example 67 in place of Compound 1. Then, the resultant crude crystals were re- 
crystallized from hexane/ethyt acetate to give 1.78 g (yield 86%) of Compound 120 as yellow needles. 

Melting Point 205.1 -205.9<»C 



Elemental Analysis: C24H24N4O3 


Calcd. (%): 
Found (%): 


C, 69.22; 
C, 69.02; 


H,5.81; 
H. 5.80; 


N, 13.45 
N. 13.48 



50 IR (KBr) Vmax (cnr^): 1692. 1652. 1492. 1241 

NMR (270MHz; CDCI3) 5 (ppm): 7.74(1 H. d. J=15,8Hz). 7.40-6.98(9H, m), 6.88(1 H, d. J=15.8Hz), 
4.20(2H. q. J=6.9Hz). 4.09(2H. q. J=6.9Hz). 4.04(3H. s). 1.37(3H, t, J=6.9Hz), 1.26(3H, t. J=6.9Hz) 



Reference Example 69 

55 

(E)-1,3-Diethyl-8-(4-hydroxystyryl)xanthine (Compound 121) 
Substantially the same procedure as in Reference Example 60 was repeated using 500 mg (7.02 mmol) 
of Compound 81 obtained in Reference Example 33. Then, the resultant crude crystals were recrystallized 
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from dioxane/water to give 430 mg (yield 98%) of Compound 121 as pale yellow needles. 
Melting Point >270X 



Elemental Analysis: Ci7HieN403 


Calcd. (%): 
Found (%): 


C. 62.57; 
C. 62.60; 


H, 5.56; 
H, 5.50; 


N, 17.17 
N, 17.07 



IR (KBr) (cm-i): 1674, 1634, 1520, 1488 

NMR (270MHz; DMSO-de) 6 (ppm); 13.34(1H. brs), 9.77 (1H. s). 7.56(1H. d, J=16.2H2). 7,46(2H, d. 
J=8.6Hz). 6.81(2H, d, J=8.6Hz). 6.80(1H, d. J=16.2H2), 4.06(2H. q, J=6.9Hz), 3.94(2H. q. J=6.9H2), 1.26(3H. 
t. J=6.9Hz), 1.14{3H, t. J=6.9Hz) 

Reference Example 70 

(E)-1 ,3-Dlethyi-8-(4-hydroxy-2,3-dinnethylstyryl)-7-methylxanthine (Compound 122) 
Substantially the same procedure as in Reference Example 58 was repeated using 500 mg (1.31 mmot) 
of Compound 10 obtained in Example 10. Then, the resultant crude crystals were recrystallized from 2-prop- 
anol to give 290 mg (yield 60%) of Compound 122 as a pale yellow powder. 

Melting Point 240.2-242.0»C 

MS-EI nn/e: 368(M^) 

IR (KBr) vroax (orrr^Y 1683. 1656, 1586. 1460 

NMR (270MHz; DMSO-de) 6 (Ppm): 1 0.20(1 H, brs). 9.64 (1H, brs). 7.92(1 H, d, J=15.6Hz), 7.57(1 H. d. 
J=8.7Hz). 6.97(1 H. d. J=15.6Hz), 6.74(1 H. d. J=8.7Hz). 4.07(2H. q, J=6.9Hz). 3.99(3H. s), 3.91 (2H, q. 
J=6.9Hz). 2.29(3H, s). 2.10(3H, s), 1.26 (3H, t. J=6.9Hz), 1.13(3H. t. J=6.9Hz) 



Claims 

1, The use. in the manufacture of pharnraceutical compositions for use in the treatment of Parkinson's dis- 
ease, of a xanthine derivative of Formula (I): 




in which: 

Ri and R^ each represent methyl or ethyl; 

R3 represents hydrogen. Ci-Ce straight or branched chain alkyi or Cr Ce straight or branched chain 
alkenyl or alkynyl; 

R^ represents Cg-Ce cycloalkyi; a -(CH2)n-R^ group where n is 0 or an integer of from 1 to 4. and 
R6 represents phenyl, naphthyl or a heterocyclic group or a substituted phenyl, naphthyl or heterocyclic 
group containing from 1-4 substituents selected from Ci-Ce alkyl. CyC^ alkoxy, hydroxy, halogen, nitro, 
amino, mono- or dl-(Ci-C6) alkylamino, trif luoromethyl, benzyloxy. phenyl, phenoxy or Ci-Ce alkoxy sub- 
stituted by hydroxy, Ci-C^ alkoxy, halogen, amino, azide. carboxy or (C^C^ alkoxy)carbonyl; 

or a 
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group where and each represent hydrogen, halogen, or Ci-Ce straight or branched chain alkyi; and 
Z represents a 



group in which R« represents hydrogen, hydroxy. Ci-Ce straight or branched chain alkyt. CrCe straight or 
branched chain alkoxy, halogen, nitro, or amino, and m represents an integer of from 1 to 4; a phenyl, 
naphthyl or heterocyclic group or a substituted phenyl, naphthyl or heterocyclic group as defined under 

and and each represent O or S; 
or a pharmaceutically acceptable salt thereof. 

2. The use according to daim 1 of a compound of Formula I, where and X^ are both O. and and Y^ 
are both hydrogen. 

3. The use according to daim 1 of a compound of Formula I. where X^ , X^. Y^ and Y^ are as defined in daim 
2, and where Z is phenyl, or phenyl containing from 1-4 substituents selected from CrCe alkyI, Ci-Ce a'- 
koxy, hydroxy, halogen, nitro, amino, mono- or di-(Ci-C6) alkylamino, trifluoromethyt, benzyloxy, phenyl, 
phenoxy or Ci-Ce alkoxy substituted by hydroxy. Ci-Ce alkoxy, halogen, amino, azWe, carboxy or (CrCe 
a!koxy)carbonyt. 

4. The use according to daim 1 of a compound as defined in daim 3, and where is a CrCe alkyI group. 

5. The use according to daim 1 of a compound as defined in daim 3, and where R^ Is methyl. 

6. The use according to daim 1 of a compound as required by daim 5, and wherein the group Z is phenyl 
containing from 1-4 CrCe alkyI or CrCe alkoxy substituents. 

7. The use according to daim 1 of a compound as required by daim 6 and wherein the configuration at the 
position 8 of the xanthine ring is (E) form. 

8. The use according to daim 1 of a compound as required by claim 7, wherein the said 1-4 substituents is 
or are methoxy or methyl groups. 

9. The use according to daim 1 of a compound as required by claim 8 and wherein the Ri and R2 groups 
are both ethyl and the substituent(s) in the substituted phenyl group is or are 3,4-dimethoxy groups. 

10. The use according to daim 1 of a compound as required by daim 7, wherein the said 1-4 substituents is 
or are ethoxy or propoxy groups. 

11. The use according to daim 1 of a compound of formula I where X\ X^, Y^ and Y^ are as defined in daim 
2 and where Z is 




R6 
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R6 




where is methyl; is hydrogen or methoxy; and m is 1 or 2. 

12. The use according to daim 1 of a compound as defined in daim 11 in which R^ and R^ are ethyl; R* is 3- 
methoxy; and m is 1. 

13. Xanthine derivatives of the formula (I-A): 




(I-A) 



in which: 

Ri and R^ are as defined in daim 1; 

R3a represents hydrogen or Ci-Cq straight or branched chain alkyi; and 
Za represents a 



R8 



\io 



group wherein at least one of R^, Rs and R^ groups is a Ci-Ce straight or branched chain alkyI or 
alkoxy group and the others represent a Ci-Ce straight or branched chain alkyi group or hydrogen; and 
R10 represents hydrogen or lower alkyI; or a 




group wherein R® and m are as defined in daim 1; 
and their pharmaceutically acceptable salts. 
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14. A xanthine derivative according to claim 13, in which the configuration at the position 8 of the xanthine 
ring is (E) form. 

15. A xanthine derivative according to daim 14, in which Z" is a 



group where R8, and R^o are as defined in dalm 13. 

16. A xanthine derivative according to daim 15, in which R^" is Ci-Ce straight or branched chain alkyl. 

17. A xanthine derivative according to dalm 16, in which is methyl. 

18. Axanthine derivative according to dalm 17, In which one of R^, R8 and R* represents methyl, methoxy. 
ethoxy or propoxy and the others represent hydrogen; and R^^ represents hydrogen or methyl. 

19. Axanthine derivative according to claim 18, in which Ri and R^ are ethyl; R»and R^ are methoxy; and R^ 
and R**> are hydrogen. 

20. A xanthine derivative according to daim 14, in which Z* is a 



group wherein is methyl; R« is hydrogen or methoxy; and m is 21 or 2. 

21. A xanthine derivative according to daim 20, in which R^ and R^ are ethyl; R« is 3-methoxy; and m is 1 . 

22. A pharmaceutical composition containing a compound or salt as daimed in any one of daims 13 to 21 in 
admixture with a pharmaceutically acceptable carrier or diluent. 



R7 
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Description 

[0001] The present invention relates to therapeutic agents for the treatment of Parkinson's disease. 
[0002] It is known that adenosine exhibits neurotransnnltter depressing activity, bronchospasmic activity, and bone 
5 absorption promoting activity via an A2 receptor. Therefore, adenosine A2 receptor antagonists (hereinafter referred 
to as Ag-antagonists) are expected as therapeutic agents for various kinds of diseases through activated adenosine 
A2 receptors, for example, therapeutic agents for Parkinson's disease, anti-dementia agents, anti-asthmatic agents, 
antidepressants, and therapeutic agents for osteoporosis. 

[0003] Known compounds In this general field include compounds of formulae A and B: 

10 



IS 



20 



25 



30 



35 




[0004] For example, it is known that adenosine antagonistic activity is found in compounds represented by Formula 
(A) in which R^** and R2*> represent propyl, R^** represents hydrogen, and R^*> represents substituted or unsubstrtuted 

40 phenyl, aromatic heterocyclic group, cycloalkyi, styryl. or phenylethyl [J. Med. Chem., 34, 1431 (1 991 )]. Further. U.S. 
R 3,641 ,010 discloses, as brain stimulants, compounds represented by Formula (B) in which R^ and R2c independently 
represent methyl or ethyl, R^^ represents methyl, Y^c and Y2« represent hydrogen, and represents phenyl or 3.4.5-tri- 
methoxyphenyl. W092/06976 discloses, as compounds having an adenosine Ag receptor antagonistic activity and 
therapeutic effects for asthma and osteoporosis, compounds represented by Formula (B) in which P(^^ and R^c inde- 

45 pendently represent hydrogen, propyl, butyl, or allyl, R^ represents hydrogen or lower alkyi, and Y^c independently 
represent hydrogen or methyl, and represents phenyl, pyridyl, imidazotyl, furyl, orthienyl unsubstituted or substituted 
by 1 to 3 substituents such as lower alkyI, hydroxy, lower alkoxy, halogen, amino, and nitro. Furthermore, other com- 
pounds represented by Formula (B) are known. One is 8-styryl caffeine which is a compound of Formula (B) in which 
Ric r2c^ and R^^ represent methyl, Y^«^and Y^c represent hydrogen, and Z<= represents phenyl [Chem. Ber. 119. 1525 

so (1986)]. Another is a compound of Fomiula (B) in which R1«, R2«, and R^ represent methyl, Y^^ and Y^c represent 
hydrogen, and Z*= represents pyridyl, quinolyl. or methoxy-substituted or unsubstituted benzothiazolyl [Chem. Abst. 60. 
1741 h (1964)]. However, there is no description with regard to the pharmacological activity of any of these compounds. 
[0005] EP-A-0 374 808 discloses xanthines having the structure of the general formula 

55 
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[0006] EP-A-0 374 808 teaches that one of the possible indications for these compounds is Parkinson's disease. 
[0007] US-A-3,641 ,010 discloses compounds of the following formula 




[0008] EP-A-0 559 893 relates to xanthine derivatives of the formula 




[0009] Z represents a substituted or unsubstituted phenyl, pyrldyl group, imidazotyl group, f uryl group or thienyl group. 
[0010] EP-A-0 565 377 discloses therapeutic agents for use in treatment of Parkinson's disease, such agents being 
xanthine derivatives of the following formula 




[0011] In accordance with the present invention, it has been found that xanthine derivatives of formula I have potent 
and selective adenosine Ag receptor antagonistic activity and are therefore excellent prospective therapeutic agents 
for the treatment of Parkinson's disease. 

[0012] In one aspect, therefore the present invention provides use of a xanthine derivative of Formula (I): 
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in which: 

R1 and R2 are independently methyl or ethyl; 
R3 is hydrogen, C^-C^ straight or branched chain alky! 
is 




group where and are hydrogen, and Z represents a 




group in which is hydrogen, and m represents 1 or 2; 
and X1 and X2 are O; 

or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the treatment ofParkinson's 
disease. 

[0013] The compounds represented by Formula (I) are hereinafter referred to as Compounds (I), and the same 
applies to the compounds of other formula numbers. 

[0014] The present invention also provides xanthine derivatives of the formula (l-A): 
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(I-A) 



in which: 

and R2 are as defined above; 
R3a is hydrogen or C^-C^ straight or branched chain alkyl; and 
is a 




group wherein at least one of R^, R^ and R^ groups is a Ci-Ce straight or branched chain alkyl or alkoxy group 
and the others are hydrogen; and R^^ is hydrogen or C^-C^ straight or branched chain alkyl; or a 




group wherein R® and m are as defined above; 
or a phamnaceutically acceptable salt thereof. 

[0015] In the descriptive portion of the specification in respect of groups in Formula (I) and Formula (l-A), the lower 
alkyl and the lower alkyl moiety of the lower alkoxy mean a straight-chain or branched alkyl group having 1 to 6 carbon 
atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl. and hexyl. The 
lower alkenyl means a straight-chain or branched alkenyl group having 2 to 6 carbon atoms, such as vinyl, allyl nneth- 
acryl, crotyl, 3-butenyl, 2-pentenyl, 4-pentenyl, 2-hexenyl. 5-hexenyl. The lower alkynyl means a straight-chain or 
branched alkynyl group having 2 to 6 carbon atoms, such as ethynyl, propargyl, 2-butynyl, 3-butynyl. 2-pentynyl, 4-pen- 
tynyl, 2-hexynyl. 5-hexynyl, 4-methyl-2-pentynyl. The aryl means phenyl or napthyl. The cycloalkyi means a cyctoalkyi 
group having 3 to 8 carbon atoms, such as cyclopropyl, cyclobutyl. cyctopentyl, cyclohexyl, cycloheptyl. and cyctooctyl. 
Examples of the heterocyclic group are furyl, thienyl. pyrrolyl, pyranyl. thiopyranyl, pyridyl. thiazolyl, imidazotyl, pyrim- 
idyl. triazinyl. indolyl, quinolyl, purinyl, and benzothiazolyl. The halogen includes fluorine, chlorine, bromine, and iodine. 
[001 6] The substituted aryl and the substituted heterocyclic ring each has 1 to 4 independently-selected substituents. 
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Examples of the substituents are lower alkyl. hydroxy, substituted or unsubstituted lower alkoxy. halogen, nitro. amino, 
lower alkylamino, di (lower alkyl) amino, trifluoromethyl, trifluoromethoxy, benzyioxy, phenyl, and phenoxy. The lower 
alkyl and the alkyl moiety of the lower alkoxy, lower alkylamino, and di(lower alkyl)amino have the same meaning as 
the lower alkyl defined above. The halogen has the same meaning as the halogen defined above. Examples of the 

5 substttuent of the substituted lower alkoxy are hydroxy, lower-alkoxy, halogen, amino, azide. carboxy, and lower alkox- 
ycarbonyl. The lower alkyl moiety of the lower alkoxy and lower alkoxycartonyl has the same meaning as the lower 
alkyl defined above, and the halogen has the same meaning as the halogen defined above. 
[0017] The above-mentioned pharmaceutically acceptable salts of Compounds (I) include pharmaceutically accept- 
able acid addition salts, metal salts, ammonium salts, organic amine addition salts, and amino acid addition salts. 

10 [0016] Examples of the pharmaceutically acceptable acid addition salts are inorganic acid addition sarts such as 
hydrochloride, sulfate, and phosphate, and organic acid addition salts such as acetate, maleate, fumarate, tartrate, 
and citrate. Examples of the pharmaceutically acceptable metal salts are alkali metal salts such as sodium salt and 
potassium salt, alkaline earth metal salts such as magnesium salt and calcium salt, aluminium salt, and zinc salt. 
Examples of the pharmaceutically acceptable ammonium salts are ammonium salt and tetramethyl ammonium salt. 

IS Examples of the pharmaceutically acceptable organic amine' addition salts are salts with morpholine and piperidine. 
Examples of the pharmaceutically acceptable amino acid addition salts are salts with lysine, glycine, and phenylalanine. 
[0019] The processes for producing Compounds (I) are described below. Compounds (I) can also be produced ac- 
cording to the methods described in, for exam pie, U.S.P. 3,641,010; J. Med. Chem., 34. 1431 (1991); Chem. Ber. 119. 
1525 (1986); and Chem. Abst.. 60. 1741h (1964). 

20 

Process 1 

[0020] Compound (l-a) (Compound (I) in which is hydrogen] can be prepared by the following reaction steps: 

2S 



30 



35 



40 
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so 
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Stepl 



R^COOH 

(m) 




(IV) 



Step 3 



R^CHO 

(V) 



Step 2 




X2 



Step 4 



Rl 



(VI) 



(I-a) 



[0021] (In the formulae, R^, R2. R4, X\ and have the same meanings as defined above.) 
(STEP 1) 

[0022] A uracil derivative (II) obtained by a known method [for example, Japanese Published Unexamined Patent 
Application No. 42383/84; J. Med. Chem., 32. 1873 (1989)] is allowed to react with either a carboxylic acid (III) or a 
reactive derivative thereof to give Compound (IV). Examples of the reactive derivative of the carboxylic acid (III) are 
acid halides such as acid chloride and acid bromide, active esters such as p-nitrophenyl ester and N-oxysuccinimide 
ester, commercially available acid anhydrides, acid anhydrides produced by using carbodiimides such as 3-(3-dimeth- 
ylaminopropyl)-l-ethylcarbodiimide. diisopropyl carbodiimide. and dicyclohexyl carbodiimide. and mixed acid anhy- 
drides with monoethyl carbonate or monoisobutyl carbonate. If the carboxylic acid (III) is used, the reaction is completed 
in 10 minutes to 5 hours at 50 to 200°C without using a solvent. 

[0023] If a reactive derivative of the carboxylic acid (III) is used, the reaction can be carried out according to a con- 
ventional method employed in peptide chemistry. That is. Compound (II) and a derivative of the carboxylic acid (III) 
are allowed to react in a solvent, preferably in the presence of an additive or a base, to give Compound (iV). Examples 
of the solvent are halogenated hydrocarbons such as methylene chloride, chloroform, and ethylene dichloride, ethers 
such as dioxane and tetrahydrofuran, dimethylformamide, dimethylsulfoxide. and water if necessary. An example of 
the additive is 1 -hydroxy benzotriazole. Examples of the base are pyridine, triethylamine, 4-dimethylaminopyridine. and 
N-methylmorpholine. The reaction is completed in 0.5 to 24 hours at -80 to SCC. The reactive derivative may be formed 
in the reaction system and then used without being isolated. 



EP0 590 919B1 



(STEP 2) 

[0024] Compound (l-a) can be obtained by reaction of Compound (IV) carried out in any of the following manners: 
in the presence of a base (Method A); by treatment with a dehydrating agent (Method B); or by heating (Method C). 
5 In Method A, the reaction is carried out in a solvent in the presence of a base such as an alkali metal hydroxide (e.g. 
sodium hydroxide and potassium hydroxide). As the solvent, water, lower alcohols such as methanol and ethanol, 
ethers such as dioxane and tetrahydrofuran. dimethylformamide, dimethylsutfoxide, and the like may be used alone 
or in combination. The reaction is completed in 10 minutes to 6 hours at 0 to 180"C. 

[0025] In Method B, the reaction is carried out in an inert solvent or in the absence of a solvent using a dehydrating 
10 agent such as a thionyl halide (e.g. thionyl chloride) and a phosphorus oxyhalide (e.g. phosphorus oxychloride). Ex- 
amples ol the inert solvent are halogenated hydrocarbons such as methylene chloride, chloroform and ethylene dichlo- 
rtde, dimethylformamide, and dimethylsutfoxide. The reaction is completed in 0.5 to 12 hours at 0 to 180°C. 
[0026] In Method C. the reaction is carried out In a polar solvent such as dimethylformamide, dimethylsutfoxide. and 
Dowthenm A (Dow Chemicals). The reaction is completed in 10 minutes to 5 hours at 50 to 200°C. 

IS 

(STEP 3) 

[0027] Compound (II) is allowed to react with an aldehyde (V) to give a Schtff's base (Vt). As a reaction solvent, 
mixtures of acetic acid and a lower alcohol such as methanol and ethanol may be used. The reaction is completed in 
20 0.5 to 1 2 hours at -20 to 1 00*C. 

(STEP 4) 

[0028] Compound (VI) is oxidativety cyclized in an inert solvent in the presence of an oxidizing agent to form Com- 
25 pound (l-a). Examples of the oxidizing agent are oxygen, ferric chloride, cerium (IV) ammonium nitrate, and diethyla- 
zodicarboxylate. Examples of the inert solvent are tower alcohols such as methanol and ethanol. halogenated hydro- 
carbons such as methylene chloride and chloroform, and aromatic hydrocarbons such as toluene, xylene, and nitroben- 
zene. The reaction Is completed In 10 minutes to 12 hours at 0 to 180*C. 

30 Process 2 

[0029] Compound (l-b) [Compound (I) in which is a group other than hydrogen] can be prepared by the following 
reaction step. 

[0030] Compound (l-b) is obtained from Compound (l^a) prepared by Process 1 . 

35 



40 



45 




(I-a) (I-b) 

[0031] (In the formulae, represents a group other than hydrogen in the definition of R^; and R\ R^, R*, X\ and 

50 y2 have the same meanings as defined above.) 

[0032] Compound (l-b) can be obtained by reaction of Compound (l^a) with an alkylating agent, in the presence of 
a base tf necessary. Examples of the alkylating agent are alkyi halides such as methyl iodide, ethyl iodide, and allyl 
bromide, dialkyi sulfates such as dimethyl sulfate, sulfonic esters such as allyl p-toluenesulfonate and methyl trifluor- 
omethanesulfonate. and diazoalkanes such as diazomethane. Examples of the base are alkali metal carbonates such 

55 as sodium carbonate and potassium carbonate, alkali metal hydrkies such as sodium hydride, and alkali metal alkoxides 
such as sodium methoxide and sodium ethoxide. As a reaction solvent, aromatic hydrocarbons such as toluene and 
xylene, ketones such as acetone and methyl ethyl ketone, dimethytformamide, dimethylsulfoxide. or the like may be 
used. The reaction is completed in 0.5 to 24 hours at 0 to 180°C. 
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Process 3 (for subsequent treatment in accordance with Process 8) 

[0033] Compound (1-d) [Compound (t) in which 2 is phenyl having hydroxy as substituent(s)] can be alternatively 
prepared by the following reaction step. 

5 



70 




a-c) . ci-d) 

IS 

[0034] (In the formulae, represents substituted or unsubstituted lower alkyi; p and q are integers of 1 to 4 and p 
^ q; and R\ R2. R3. X^. X2, Y1, and Y2 have the same meanings as defined above.) 

[0035] The substituted or unsubstituted lower alkyI in the definition of R^^ has the same meaning as defined above. 
[0036] Compound (l-d) can be obtained by reaction of Compound (l-c) [Compound (I) in which Z is phenyl having 

20 lower alkoxy as substituent(s)] obtained by Process 1 or Process 2 with a dealkylating agent. Examples of the suitable 
dealkylating agent are boron tribromide and the complex thereof with dimethyl disulfide, boron trichloride, iodotrimeth- 
ylsilane, sodium ethanethiolate, sodium benzenethrolate, and hydrobromk: acid. A reaction solvent is selected from 
aromatic hydrocarbons such as toluene and xylene, halogenated hydrocarbons such as methylene chtoride, chloro- 
form, and ethylene dichloride, dimethylformamide, acetic acid, etc. depending upon the kind of the dealkylating agent 

25 used. The reaction is completed in 10 minutes to 120 hours at -30 to 140*C. 

Process 4 (for subsequent treatment in accordance with Process 6, 7 or 8) 

[0037] Compound (l-e) [Compound (I) in which Z is phenyl having lower alkoxy as substituent(s)] can be alternatively 
30 prepared by the following reaction step. 



35 




[0038] (In the formulae, R12 represents substituted or unsubstituted lower alkyI; r is an integer of 1 to 4 and q ^ r; 
and R^ R2, R^, R^^ X^, X^ Y^, Y^, p, and q have the same meanings as defined above.) 

[0039] The substituted or unsubstituted lower alkyI in the definition of R^^ has the same meaning as defined above. 
45 [0040] Compound (l-e) can be obtained from Compound (l-d) according to the method of Process 2. 

Process 5 (for subsequent treatment in accordance with Process 8) 

[0041] Compound (l-h) [Compound (I) is which Z phenyl having amino-substituted lower alkoxy as the substituent] 
so can be alternatively prepared by the following reaction step. 



55 
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5 




(I-f) (I-g) 

10 



Step 2 
Reduction 

IS 




(I-h) 

20 [0042] (In the formulae, Q represents lower alkytene; Hal represents chlorine, bromine, or iodine; and R^, R3 
, X2, Y\ and have the same meanings as defined above.) 
[0043] The lower alkylene in the definition of Q means a straight-chain or branched alkylene group having 1 to 6 
carbon atoms, such as methylene, ethylene, propylene, 1-methylethylene, butylene, 1 -methylpropylene. 2-methylpro- 
pylene, pentylene, and hexylene. 

25 

(STEP 1) 

[0044] Compound (l-g) can be obtained by reaction of Compound (l-f) [Compound (1) in which Z is phenyl having 
chlorine, bromine, or iodine-substituted lower alkoxy as the substituent] obtained by Process 4 with 5 to 10 equivalents 
30 of sodium azide. As a reaction solvent, an inert solvent such as dimethylformamide may be used. The reaction is 
completed in 1 to 10 hours at 50 to 80°C. 

(STEP 2) 

35 [0045] Compound (I-h) can be obtained by treatment of Compound (l-g) in an inert solvent such as tetrahydrofuran 
and dioxane in the presence of 2 to 5 equivalents of a reducing agent such as triphenylphosphine, followed by addition 
of an excess of water and further treatment for 1 to 10 hours at 50"C to the boiling point of the solvent used. 

Process 6 (for subsequent treatment in accordance with Process 8) 

40 

[0046] Compound (l-j) [Compound (I) in which Z is phenyl having carboxy-subsituted lower alkoxy as the substituent] 
can be alternatively prepared by the following reaction step. 



45 



50 




[0047] (In the formulae, R^s represents lower alkyi; and Ri. R2, R3, Q, X^. X^, V, and have the same meanings 
55 as defined above.) 

[0048] The lower alky! in the definition of R^^ has the same meaning as defined above. 

[0049] Compound (l-j) can be obtained by hydrolysis of Compound (l-i) [Compound (I) in which Z is phenyl having 
lower alkoxycarbonyl-substituted lower alkoxy as the substituent] obtained by Process 4 in the presence of an alkali 
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metal hydroxide such as sodium hydroxide and lithium hydroxide. As a reaction solvent, a mixture of water and an 
ether such as dioxane and tetrahydrofuran, or a mixture of water and an alcohol such as methanol and ethanol may 
be used. The reaction is completed in 1 0 minutes to 1 2 hours at room temperature to the boiling point of the solvent used. 

5 Process 7 (for subsequent treatment in accordance with Process 8) 

[0050] Compound (l-m) [Compound (I) in which Z is phenyl having hydroxy as the substituent(s)] can be alternatively 
prepared by the following reaction step. 



JO 




a-k) 



20 [0051] (in the formulae, t is an integer of 1 to 4; and R\ R^, R3, X\ X^, V, and have the same meanings as 
defined above.) 

[0052] Compound (l-m) can be obtained by treatment of Compound (l-k) [Compound (I) in which Z is phenyl having 
methoxymethoxy as the substituent(s)] obtained by Process 1 , Process 2, or Process 4 in the presence of hydrogen 
chloride gas, an aqueous solution of hydrochloric acid, or the like. As a reaction solvent, ethers such as dioxane and 
25 tetrahydrofuran, alcohols such as methanol and ethanol, or the like may be used. The reaction is completed in 1 to 20 
hours at room temperature to the boiling point of the solvent used. 

Process 8 

30 [0053] Compound (l-o) [Compound (I) in which is S] can be alternatively prepared by the following reaction step. 



35 



40 




a-n) a-0) 

[0054] (In the formulae. R\ R2, r3. R*, and have the same meanings as defined above.) 

45 [0055] Compound (l-o) can be obtained by reaction of Compound (l-n) [Compound (I) in which X^ is 0] obtained by 
Process 1 to Process 7 with a thionating agent. Examples of the thionating agent are phosphorus pentachloride and 
Lawesson's reagent. As a reaction solvent, pyridine, dimethylfornnamide. dioxane, tetrahydrofuran, or the like, prefer- 
ably pyridine, may be used. The reaction is completed in 10 minutes to 36 hours at 50 to 1B0°C. 
[0056] The desired compounds in the processes described above can be isolated and purified by purification methods 

so conventionally used in organic synthetic chemistry, for example, filtration, extraction, washing, drying, concentration, 
recrystallization. and various kinds of chromatography 

[0057] In the case where a salt of Compound (I) Is desired and it is produced in the form of the desired salt, it can 
be subjected to purification as such. In the case where Compound (I) is produced in the free state and its salt is desired. 
Compound (I) is dissolved or suspended in a suitable solvent, followed by addition of an acid or a base to form a salt. 
55 [0058] Some of Compounds (I) can exist In the form of geometrical isomers such as an (E)-isomer and a (Z)-isomer. 
and the present invention covers all possible isomers including the above-mentioned ones and mixtures thereof. In 
the case where separation between an (E)-isomer and a (Z)-isomer is desired, they can be isolated and purified by 
fractionation methods, for example, fractional crystallization, fractional precipitation, and fractional dissolution. 
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[0059] Compounds (I) and pharmaceutically acceptable salts thereof may be in the form of adducts with water or 
various solvents, which can also be used as the therapeutic agents of the present invention. 
[0060] Examples of Compounds (I) are shown in Table 1. Compounds numbered 49 to 66 and 69 to 80 are inten- 
tionally omitted from Table 1 . 



Table 1-1 




F12 



Compound -R^ 


-R2 -Z 


-R3 


1 -CH2CH3 


-CH2CH3 — ^-OCHa 
OCH3 


-H 


2 




-CH3 


3 


>=< 
H3CO OCH3 


n 


4 




-CH3 


5 


1 13 WW 




6 




-CH3 


7 


H3CO OCH3 


-H 


8 




-CH3 


9 


-Q-OCH3 

H3C CH3 


-H 


10 


CH3 


-CH3 


11 


-0-OCH3 
H3C 


-H 


12 




-CH3 


13 


-^0CH3 
H3CO CH3 


-H 


14 




-CH3 
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Table 1-2 


Compound — 




-z 


-R3 


15 -CH2CH3 




-TVo 


-H 


16 


ti 


ft 


-CH3 


17 


tt 




-H 


18 


•1 


ti 


-CH3 


19 -CH, 


-CHn 




-H 


20 




■ 1 


-CH3 


21 


It 


-TVOCH, 


-H 


22 


M 




-CH3 


23 






-H 


24 


It 


It 


-CH3 


25 


<t 


HnCO OCH^ 


-H 


26 


It 




-CH3 


27 




-H^OCHa 

HgCO 


-H 


28 


•• 




-CH3 


29 




CHa 
-0-OCH3 
H3C 


-H 


30 


M 


It 


-CH3 


31 




-Q-OCH3 
H3CO CH3 


-H 


32 




It 


-CH3 
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Table 1-3 



Compound — 


-R2 -Z 


-R3 




CH3 




33 -CH2CH3 


-CH2CH3 -0 

H3C 


-H 


34 




-CH3 




_/~VoCHnCH-i 


-H 


36 




-CH3 


37 




— H 

n 


38 


tl " 

0CH3 


-CH3 


39 


-{J 


1! 

— n 


40 


tf 


-CH3 


41 






42 


II <• 


-CH3 


43 


— fJ-CHj 


-H 


44 


It •* 

HiCO 


-CH3 


45 


■ -b 


-H 


46 




-CH3 




CH3 
-Q-0CH3 




47 


-H 


48 


t* " 


-CH3 
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Table 1-4 



Compound -R^ -R^ -Z -R^ 

OCH3 

67 " " "H 

OCH3 



10 

68 " " " -CH 



3 



IS 



Table 1-5 

Compound -Ri -R^ -Z -R^ 



81 " " — Q-OCH2OCH3 -H 

82 " " " . — CH3 



[0061] The pharmacological activities of Compounds (I) are shown below by experimental examples. 

3S Experimental Example 1 Acute Toxicity Test 

[0062] Test compounds were orally administered to groups of dd-strain male mice weighing 20 ± 1 g, each group 
consisting of three mice. Seven days after the administration, minimum lethal dose (MLD) of each compound was 
determined by observing the mortality. 
40 [0063] The results are shown in Table 2. 



Table 2-1 



45 



Compound 


MLD(mg/kg) 


Compound 


MLD{mg/kg) 


1 


>300 


31 


>100 


2 


>300 


32 


>100 


3 


>300 


33 


>300 


4 


>300 


34 


>300 


5 


> 100 


35 


> 100 


6 


>300 


36 


>300 


7 


>300 


37 


> 100 


8 


>300 


38 


>300 


9 


>300 


39 


>100 


10 


>300 


40 


>300 


11 


>300 


41 


> 100 


12 


>300 


42 


> 100 
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5 



10 



IS 





Table 2-1 


[continued) 




Compound 


MLLumg/Kg^ 


oompounu 




13 


> 300 


43 


> lUU 


14 


> 300 


44 


> ILWJ 


15 


> 300 


45 


> lUU 


16 


> 300 


4d 


> 1 uu 


17 


> 100 


47 


> iUU 


18 


> 300 


AO 

48 


> lUU 


19 


> 300 






20 


> 300 






21 


> 100 






22 


> 100 






23 


> 300 






24 


>300 






25 


>100 






26 


>300 






27 


>100 






28 


>300 






29 


>100 






30 


>100 







Table 2-2 



Compound 


MLD(mg/kg) 


67 


>100 


68 


>300 


81 


> 100 


82 


>100 



[0064] As shown in Table 2, the MLD values of all the compounds are greater than 1 00 mg/kg or 300 mg/kg. indicating 
35 that the toxicity of the compounds is weak. Therefore, these compounds can be safety used in a wide range of doses. 

Experimental Example 2 Adenosine Receptor Antagonistic Activity 

1 ) Adenosine A^ Receptor Binding Test 

40 

[0065] The test was conducted according to the method of Bruns et al. [Proc. Natl. Acad. Sci., 77, 5547 (1 980)] with 
slight modification. 

[0066] Cerebrum of a guinea pig was suspended in ice-cooled 50 mM tris(hydroxymethyl)aminomethane hydrochlo- 
ride (Tris HCI) buffer (pH 7.7) by using Polytron homogenizer (manufactured by Kinematicas Co.). The suspension 

45 was centrifuged (50.000 x g, 1 0 minutes), and the precipitate was suspended again in the same amount of 50 mM Tris 
HCI buffer. The suspension was centrifuged under the same conditions, and the final precipitate was suspended once 
again in 50 mM Tris HCI buffer to give a tissue concentration of 100 mg (wet weight)/ml. The tissue suspension was 
incubated at 37'*C for 30 minutes in the presence of 0.02 unit/mg tissue of adenosine deaminase (manufactured by 
Sigma Co.). The tissue suspension was then centrifuged (50,000 x g, 10 minutes), and 50 mM Tris HCI buffer was 

so added to the precipitate to adjust the concentration of tissue to 1 0 mg (wet weight)/ml. 

[0067] To 1 ml of the tissue suspension thus prepared were added 50 ^l of cyclohexyladenosine labeled with tritium 
(3H-CHA: 27 Ci/mmol, manufactured by New England Nuclear Co.) (final concentration: 1.1 nM) and 50 ^il of a test 
compound. The mixture solution was allowed to stand at 25''C for 90 minutes and then rapidly filtered by suction through 
a glass fiber filter (GF/C manufactured by Whatman Co.). The filter was immediately washed three times with 5 ml 

55 each of ice-cooled 50 mM Tris HCI buffer, and transferred to a vial, and a scintillator (EX-H by Wako Pure Chemical 
Industries, Ltd.) was added thereto. The radioactivity on the filter was determined with a liquid scintillation counter 
(manufactured by Packard Instrument Co.). 

[0068] The inhibition rate of the test compound against the binding of A, receptor (^H-CHA binding) was calculated 
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by the following equation: 



Inhibition Rate (%) = |l - ^fir 1 ^ 



- [N] j 



[Notes] 

1 . "B" means the amount of radioactivity of ^H-CHA bound in the presence of a test compound at a concentration 
shown in Table 3. 

2. T means the amount of radioactivity of ^H-CHA bound in the absence of a test compound. 

3. "N" means the amount of radioactivity of ^H-CHA bound in the presence ol 10 nM N®-(L-2-phenylisopropyl) 
adenosine (manufactured by Sigma Co.). 

[0069] The results are shown in Table 3. The inhibition constant (Ki value) shown in the table was calculated by the 
Cheng-Prusoff's equation. 



Table 3 





A^ Receptor 


Compound 


Inhibition (%) 


K;(nM) 




10-5M 


10-^M 




1 


84 


86 




2 


67 


62 




4 


55 


70 




7 


34 


49 


> 10,000 


8 


89 


94 




9 


14 


26 


>1 00,000 


10 


57 


56 




13 


59 


71 




14 


84 


86 




15 


25 


35 


>100.000 


16 


53 


72 




17 


23 


31 


>100,000 


IB 


56 


66 




19 


10 


31 


>100,000 


20 


11 


1 


>100,000 


21 


36 


40 


>100,000 


22 


1 


1 


>100.000 


23 


32 


38 


>1 00.000 


24 


-4 


-25 


>1 00.000 



2) Adenosine Ag Receptor Binding test 

[0070] The test was conducted according to the method of Bruns et al. (MoL Pharmacol., 29. 331 (1 986)) with slight 
modification. 

[0071] The similar procedure as in the above-described adenosine A^ receptor binding test was repeated using rat 
corpus striatum to obtain the final precipitate of the tissue thereof. The precipitate was suspended in 50 mM Tris HCI 
buffer containing 1 0 mM magnesium chloride and 0.02 unit/mg tissue of adenosine deaminase (manufactured by Sigma 
Co.) to give a tissue concentration of 5 mg (wet weight)/ml. 

[0072] To 1 ml of the tissue suspension thus prepared were added 50^1 of a mixture of N-ethylcarboxamidoadenosine 
labeled with tritium (^H-NECA: 26 Ci/mmol, manufactured by Amersham Co.) (final concentration: 3.8 nM) and cy- 
clopentyladenoslne (CPA, manufactured by Sigma Co.) (final concentration: 50 nM), and 50 \i\ of a test compound. 
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The mixture solution was allowed to stand at 25°C for 120 minutes and then treated in the same manner as in the 
adenosine receptor binding test to determine the radioactivity bound to the A2 receptors. 
[0073] The inhibition rate of the test compound against the binding of A2 receptor (^H-NECA binding) was calculated 
by the following equation: 



Inhibition Rate (%) = (l - — ~] x 100 

[T] - [Ni; 



[Notes] 

1 . "B" means the amount of radioactivity of ^H-NECA bound in the presence of a test compound at a concentration 
15 shown in Table 4. 

2. "T" means the amount of radioactivity of ^H-NECA bound in the absence of a test compound. 

3. "N" means the amount of radioactivity of ^H-NECA bound in the presence of 1 GO \iM CPA. 

[0074] The simitar procedure as above was repeated to determine the radioactivity bound to the A2 receptors using 
20 50 111 of CGS 21 680 labeled with tritium [3H-2-[p-(2-carboxyethyl)-phenethylamino]-5'-(N-ethy!carboxamide)adenoslne: 
40 Ci/mmol, manufactured by New England Nuclear Co. (J. Pharmacol. Exp. Ther, 251, 888 (1989)] (final concentra- 
tion: 4.0 nM) in place of 50 \i\ of the mixture of N-ethylcarboxamidoadenosine labeled with tritium (^H-NECA: 26 Ci/ 
mmol, manufactured by Amersham Co.) (final concentration: 3.8 nM) and cyclopentyladenosine (CPA, manufactured 
by Sigma Co.) (final concentration: 50 nM). 
25 [0075] The inhibition rate of the test compound against the binding of Ag receptors (^H-CGS 21680 binding) was 
calculated by the following equation: 



Inhibition Rate (%) 




100 



[Notes] 

35 1 . "B" means the amount of radioactivity of ^H-CGS 21680 bound in the presence of a test compound at a con- 

centration shown in Table 4. 

2. 'T" means the amount of radioactivity of ^H-CGS 21680 bound in the absence of a test compound. 

3. "N" means the amount of radioactivity of ^H-CGS 21680 bound in the presence of 100 ^M CPA. 

40 [0076] The results are shown in Table 4. The Ki value (^H-NECA binding) shown in the table was calculated by the 
following equation: 



45 



Ki: 



IC 



50 



^^Kd^KS 



[Notes] 

50 IC50: Concentration at which the inhibition rate is 50% 

L: Concentration of ^H-NECA 

Kd: Dissociation constant of ^H-NECA 

C: Concentration of CPA 

Kc: Inhibition constant of CPA 

55 
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Table 4-1 



5 



10 



IS 



Compd. 


Ag Receptor 


Ratio (A1/A2) 


Inhibition (%) 


/Cj (nM) 




10-^M 


10*®M 


10"5M 


lO^M 






1 


53 


86 


98 


100 


23 




2 


67 


79 


94 


92 


12 




4 


57 


84 


88 


90 


33 




7 


65 


88 


75 


83 


15 


>670 


8 


80 


99 


95 


74 


3.9 




9 


79 


84 


73 


86 


3.1 


> 32,000 


10 


91 


94 


90 




2.0 




13 


77 


84 


88 


95 


9.5 




14 


85 


91 


96 


98 


1.6 




15 


53 


64 


70 


70 


15 




16 


80 


96 


88 


93 


6.1 




17 


70 


69 


80 


80 


6.3 


> 16.000 


18 


84 


90 


104 


98 


1.5 




19 


65 


87 


92 


91 


310 


>320 


20 


51 


83 


90 


88 


50 


> 2,000 


21 


56 


68 


83 


79 


22 




22 


78 


85 


78 


81 


3.0 


> 33.000 


23 


38 


60 


90 


81 






24 


62 


57 


75 


85 


26 


> 3.800 



Table 4-2 



Compd. 


A2 Receptor 


Inhibition (%) 




lO-^M 


10-«M 


io-sm 


lO-^M 


25 






76 


70 


26 


27 


59 


75 


79 


27 






89 


90 


28 


46 


80 


86 


99 


31 


74 


82 


89 


79 


32 


83 


84 


82 


98 


33 






93 


92 


34 


86 


93 


90 


94 



45 



Table 4-3 



50 



Compd. 


Ag Receptor Inhibition (%) 


10-7M 


10-6M 


35 


54 


71 


36 


71 


101 


37 


56 


60 


38 


71 


94 


39 


80* 


88* 



pH]CGS 21680 was used. 
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Table 4-3 (continued) 



10 



Compd. 


Ag Receptor Inhibition (%) 


10-7M 


10-6M 


4U 


88* 


98* 


4 1 


27* 


52* 


42 


46* 


87* 


43 


68* 


70* 


44 


64* 


103* 


47 


67* 


92* 


48 


83* 


99* 


67 


73 


73 


68 


81 


88 


81 


78* 


95* 


82 


86* 


98* 



*: [^H]CGS 21680 was used. 



20 [0077] As shown in Tables 3 and 4, Compounds (I) and phanmaceutically acceptable salts thereof exhibit an extremely 
potent affinity especially for adenosine A2 receptors. 

Experimental Example 3 Effect on Locomotor Activity in Parkinson's Disease Model in Mice 

25 [0078] 1 -Methyl-4-pheny t- 1 .2, 3,6-tetrahydropyridine (MPTP) is known to cause an acute Parkinson's syndrome (par- 
klnsonlsm) when administered to humans. The syndrome resembles spontaneous parkinsonism in temis of cardinal 
symptoms (muscular rigidity, bradycinesia, and resting tremor) and pathological phenomena (extensive degeneration 
of the nigrostriatal dopamine system) (Science, 219, 979 (1 983)]. MPTP-treated mice also exhibit the syndrome similar 
to parkinsonism [Science. 224, 1451 (1984)]. 

30 [0079] Especially, MPTP-treated C57BL/6 mice have been reported to serve as a suitable model for Parkinson's 
disease. In this strain of mice, striatal dopamine is remarkably decreased and locomotor activity is profoundly depressed 
[Brain Res.. 528. 181 (1990)]. 

[0080] The experiment was performed by using several groups of 7-weeks-old male 0576176 mice (weighing 20 to 
24 g, Japan SLC), each group consisting of 8 mice. MPTP (AWrlch Chemical Co., Inc.) dissolved in a physiological 

3S saline solutbn (Cnsuka Pharmaceutical Co., Ltd.) was intraperitoneally administered to each mouse once a day for 
five consecutive days at a dose of 30 mg/kg. A test compound was suspended in injectable distilled water (Otsuka 
Phamnaceutical Co., Ltd.) containing Tween 80 [polyoxyethylene (20) sorbitan monooleate]. L-DOPA (Kyowa Hakko 
Kogyo Co., Ltd.) was suspended In 0.3% CMC (sodium carboxylmethylcellulose) and bromocriptine was suspended 
in injectable distilled water. Thirty minutes after the final MPTP administration, the test compound suspensions and 

40 the control suspension [injectable distilled water (Otsuka Pharmaceutical Co., Ltd.) containing Tween 80] containing 
no test compound were orally administered to separate groups of the mice (0. 1 ml per 1 0 g of body weight). The amount 
of active movements (horizontal activity) of each mouse was measured by using Automex-ll (Columbus Instruments 
International Corp.) for the perkxJ of 30 minutes starting 30 minutes after the administration of the test compound. 
Bromocriptine was administered 3 hours prior to the final MPTP treatment, and the anoount of active movements was 

45 measured for the period of 30 minutes from 1 hour after the MPTP treatment. The effect of the compounds was eval- 
uated by comparing the average counts of the active movements of the test compoundnadministered groups with those 
of the control groups. Statistical comparison of the values was carried out by Student's t-lest. 
[0081] The results are shown in Table 5. 



Table 5-1 





Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 




Normal Control 


MPTP 


(-) 






55 




Test Compound 


(-) 




2210 ±101.1 
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Table 5-1 (continued) 





Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active l\^ovements (average 
count X o.t.M} 


s 


MPTP 


MPTP 


(+) 










Test Compound 


(-) 




45 ± 10 J 




Compound 2 


MPTP 


{+) 






10 




Compound 2 


(+) 


10 


637 ±160.0* 




Compound 8 


MPTP 


(+) 










Compound 8 


(+) 


10 


924 ±219.5** 



J 5 **: p<O.Ol (comparison with normal control group) 

•: P<0.05 ; p<0.01 (comparison with MPTP-lreated group) 



Table 5-2 



20 


Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 




Normal Control 


MPTP 


(•) 










Test Compound 


(-) 




2205 ±232.3 


25 


MPTP 


MPTP 


(+) 










Test Compound 


(■) 




60 ± 20-8 ** 




Conr^und 2 


MPTP 


(+) 










Compound 2 


(+) 


2.5 


1265 ±316.9 ** 


30 


Compound 8 


MPTP 


(+) 










Compound 8 


(+) 


2-5 


800 ±156.8 ** 



p<0.01 (comparison with normal control group) 
": p<0.01 (comparison with MPTP- treated group) 

35 



Table 5-3 



Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


Normal Control 


MPTP 


(■) 








Test Compound 


(-) 




2078 ±180.2 


MPTP 


MPTP 


(+) 








Test Compound 


(-) 




132±65.3*« 


Compound 2 


MPTP 


(+) 








Compound 2 


(+) 


0.63 


610 ±147.9* 



p<O.Ol (comparison with normal control group) 
p<0.05 (comparison with MPTP-treated group) 



Table 5-4 



Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


Normal Control 


MPTP 
Test Compound 


(-) 
(-) 




2326 ±147.1 
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Table 5-4 (continued) 





Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


5 


MPTP 


MPTP 


(+) 










Test Compound 


(-) 




71 ± 37.2 




Compound 10 


MPTP 


(+) 










Compound 10 


(+) 


10 


754 ±174.2 ** 


10 


Connpound 14 


MPTP 


(+) 










Compound 14 


(+) 


10 


817 ±163.1 " 



p<0.01 (comparison with normal oontrol group) 
p<0,Ol (comparison with MPTP-treatod group) 



Table 5-5 



Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


Normal Control 


MPTP 


(-) 








Test Compound 


(-) 




2574 ±165.9 


MPTP 


MPTP 


(+) 








Test Compound 


(-) 




21 ±5.1 


Compound 34 


MPTP 


(+) 








Compound 34 


(+) 


10 


157 ±25.0** 



p<O.Ol (oomparison with norm^ oontrol group) 
p<0.01 (comparison with MPTP-treated group) 



Table 5-6 



Group 


Administratbn 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


Normal Control 


MPTP 


(-) 








Test Compound 


(-) 




2349 ±121.7 


MPTP 


MPTP 


(+) 








Test Compound 


(-) 




44 ±14.4** 


Compound 20 


MPTP 


(+) 








Compound 20 


(+) 


2.5 


937 ±189.5 •* 



45 



p<0.01 (comparison with normal control group) 
p<0.05 ; **: p<O.Ol (oomparison with MPTP-treated group) 



Table 5-7 





Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 


so 








count ±S.E.M) 




Normal Control 


MPTP 


(-) 










Test Compound 


(-) 




1875 ±77.7 




MPTP 


MPTP 


(+) 






55 




Test Compound 


(-) 




207 ± 85.5 ** 



: p<O.Ol (comparison with normal control group) 
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Table 5-7 (continued) 





Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


5 


L-DOPA 


MPTP 


(+) 










L-DOPA 


(+) 


300 


561 ±271. 01 1) 



J; no significant ditference as compared with MPTP-treated grou p) 



Table 5-8 



Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


Normal Control 


MPTP 


(-) 








Test Compound 


(-) 




1984 ±122.3 


MPTP 


MPTP 


(+) 








Test Compound 


(-) 




41 ±14.3** 


Bromocriptine 


MPTP 


(+) 








Bromocriptine 


(+) 


40 


1739 ±494.9 



**: p<O.Ol (cofflpanson with normal control group) 
p<0.01 (comparison with MPTP-treated group) 



Table 5-9 



Group 


Administration 


Dose of Test Compound (mg/kg) 


Amount of Active Movements (average 
count ±S.E.M) 


Normal Control 


MPTP 


(-) 








Test Compound 


(-) 




2574 ±165.9 


MPTP 


MPTP 


(+) 








Test Compound 


(-) 




21 ±5.1 ** 


Bromocriptine 


MPTP 


(+) 








Bromocriptine 


(+) 


10 


66 ± 35.4 1) 



**: p<0.01 (comparison with normal control group) 

^ ) : no significant difference as compared with MPTP-treated group) 



[0082] As shown in Table 5. L-DOPA (metabolic precursor of dopamine) and bronnocriptine (dopamine receptor ag- 
onist), which are conventionally used drugs for Parkinson's disease, exhibited only a weak inhibitory activity against 
the depression of kx;omotor activity caused by MPTP by oral administration at a dose of 300 and 40 mg/kg, respectively. 
On the other hand, Compounds (I) showed a potent inhibitory activity at a dose of 10 mg/kg or less than 10 mg/kg. 

Experimental Example 4 Effect on Haloperidol-lnduced Catalepsy 

[0083] Parkinson's disease is a clinical syndrome caused by degeneration of nigrostriatal dopaminergic neurons. 
Systemic administration of haloperidol (dopamine D1/D2 antagonist) induces catalepsy resulting from the blockage of 
postsynaptic dopamine Dg receptors. It is generally accepted that this haloperidol-induced catalepsy is a classical 
model of parkinsonism in humans (Eur. J. Pharmacol., _182, 327 (1990)]. 

[0084] The experiment was performed by using several groups of 5-week3-old male ddY mice (weighing 22 to 24 g, 
Japan SLC). each group consisting of 5 mice. Haloperidol (Janssen Pharmaceutica) suspended in 0.37© CMC was 
intraperitoneally administered to each mouse at a dose of 1 .0 mg/kg. Test compounds were suspended in 0.3% CMC 
or in injectable distilled water (Otsuka Pharmaceutical Co., Ltd.) containing Tween 80. L-DOPA (Kyowa Hakko Kogyo 
Co., Ltd.) and benserazide hydrochloride (Kyowa Hakko Kogyo Co., Ltd.) were suspended in 0.3% CMC. One hour 
after the haloperidol administration, the test compound suspensions and the control suspension [injectable distilled 
water (Otsuka Pharmaceutical Co., Ltd,) containing Tween 80] containing no test compound were orally administered 
to separate groups of the mice (0.1 ml per lOgof body weight). One hour after the administration of the test compound. 
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the forelimbs of each mouse and subsequently the hindlimbs of the same mouse were placed on a 4.5 cm-high, 1.0 
cm-wide bar and catalepsy was estimated. All of the test compounds were orally administered at a dose of 10 mg/kg, 
and L-DOPA (100 mg/kg) and benserazide (25 mg/kg) were intraperitoneal ly administered together as a control ex- 
periment. The catalepsy score and the standard of judgment are shown below. 



score 


duration of the cataleptic posture 


0: 


forelimbs 


less than 5 seconds 




hindlimbs 


less than 5 seconds 


1: 


forelimbs 


from 5 (inclusive) to 10 (exclusive) seconds 




hindlimbs 


less than 5 seconds 




forelimbs 


1 0 seconds or more 




hindlimbs 


less than 5 seconds 


3: 


forelimbs 


from 5 (inclusive) to 10 (exclusive) seconds 




hindlimbs 


from 5 (inclusive) to 10 (exclusive) seconds; 




or forelimbs 


less than 5 seconds 




hindlimbs 


5 seconds or more 


4: 


forelimbs 


10 seconds or more 




hindlimbs 


from 5 (inclusive) to 10 (exclusive) seconds; 




or forelimbs 


from 5 (inclusive) to 10 (exclusive) seconds 




hindlimbs 


10 seconds or more 


5: 


forelimbs 


10 seconds or more 




hindlimbs 


10 seconds or more 



[0085] The effect of the compounds was evaluated by the total of the catalepsy scores of five mice in each group 
(25 points at the full). The groups wherein the total score was not more than 20 points were estimated to be effective. 
The number of the animals showing remission against catalepsy is the number of the mice for which the catalepsy 
score was not rrwre than 4 points. The remission rate shows the rate of decrease in total score based on that of the 
control group. 

[0086] The EDsq (50% effective dose) values were determined using ten mice at each dose. A test compound was 
judged to be effective at the dose where the catalepsy score was 3 or less than 3. The ED50 values were cateulated 
by Probit analysis. 

[0087] The results are shown in Table 6. 



Table 6-1 



Compound 


Total Score 


Number of the Animals 
Showing Remission 


Remission Rate (%) 


ED50 (mg/kg) 


0.3% Tween 80 (Control) 


25 


0 


0 


L-DOPA + benserazide 


18 


4 


28 


107.5 


2 


2 


5 


80 


0.03 


6 


6 


5 


76 


1.7 


8 


2 


5 


92 


0.23 


10 


8 


5 


68 


0.24 


12 


12 


5 


52 


2.7 


14 


1 


5 


92 


0.6 


16 


4 


5 


84 


0.76 


18 


4 


5 


84 


1.9 


20 


7 


5 


72 


0.35 


21 


19 


4 


24 




22 


20 


3 


20 




31 


16 


4 


36 




32 


17 


4 


32 




34 


8 


5 


68 


2.6 
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Table 6-1 (continued) 



Compound 


Total Score 


Number of the Animals 


Remission Rate (%) 


ED50 (mg/kg) 






Showing Remission 






0.3% Tween 80 (Control) 


25 


0 


0 




36 


6 


5 


76 


1.5 


38 


8 


4 


68 


2.5 


40 


3 


5 


88 




44 


17 


3 


32 




Table 6-2 


Compound 


Total Score 


Number of the Animals 


Remission Rate (%) 


ED50 (mg/kg) 






Showing Remission 






0.3% Tween 80 (Control) 


25 


0 


0 




L-DOPA + benserazide 


18 


4 


28 


107.5 


67 


9 


5 


64 




68 


5 


5 


80 




82 


9 


5 


64 





Experimental Example 5 Augmentation of the Contralateral Rotation in Rats with a 6-Hydroxydopamine-lnduced 
Unilateral Lesion of the Nigrostriatal Dopamine Pathway 



[0088] When a unilateral lesion of the nigrostriatal pathway is induced by 6-hydroxydopamine in rodents, the sensi- 
tivity of dopamine receptors in thedenen/ated striatum is enhanced. Administration of a dopamine agonist to the rodents 
in such a condition induces a rotational behavior to the side contralateral to the lesioned side [Acta Physiol. Scand.. 
367 . 69 (1 971 )]. This model has been used for a long time as a model for the study of Parkinson's disease and in the 
screening of drugs for this disease [Neurol. Neurobiol., 33, 1 (1 987)]. 

[0089] Male Sprague-Dawley rats (weighing 200 to 240 g, Japan SLC) were pretreated with desipramine hydrochlo- 
ride (25 mg/kg, i.p., Sigma Co.) 30 minutes before surgery to protect noradrenergic neurons. Then, the animals were 
anesthetized with sodium pentobarbital (30 mg/kg. i.p., Dainippon Pharm. Co., Ltd.) and the nigrostriatal pathway was 
lesioned by injection of 6-hydroxydopamine hydrobromide (8 ^ig. Sigma Co.) into the left medial forebrain bundle. 
6-Hydroxydopamine hydrobromide was dissolved in physiological saline containing 0.05% L-ascorbic acid (Wako Pure 
Chem. Industries, Ltd.) to make 2 ^il of solution and injected over 3 minutes. 

[0090] More than 1 0 days after surgery, each rat was placed in a plastic bowl (30 cm in diameter). Apomorphine (0. 1 
mg/kg, Sandoz, AG) was injected subcutaneously and the rats which showed a rotational behavior to the side contral- 
ateral to the lesioned side at a frequency of more than 600 counts/60 minutes after apomorphine administration were 
used for screening. The number of rotations was counted with an automated rotometer, in which each 180° turn was 
counted as a rotation. 

[0091] Test compounds were suspended in 0.3% sodium carboxymethylcetlulose and administered orally at a dose 
of 1 mg/kg 30 minutes before the injection of apomorphine (0.1 mg/kg, s.c). The counts of rotations were summed up 
every 5 minutes for 150 minutes after apomorphine administration. The total rotation counts induced by apomorphine 
(0.1 mg/kg, s.c.) with and without a test compound were statistically compared, using the same animals. Rats were 
allowed to rest more than 5 days between each experiment. Statistical comparison of the values was carried out by 
Sign-Wilcoxon test. 

[0092] The results are shown in Table 7. 



Table 7 





total amount of rotations (average count ± S.E.M.) ' 


Compd. 


apomorphine 


lest compound + apomorphine 


2 


1102 ±94 


1 584 ± 196* 



': p<0.05 
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Table 7 (continued) 





total amount of rotations (average count ± S.E.M.) 


Compd. 


apomorphine 


test compound + apomorphine 


8 


1003 ±84 


1406 ±155* 


10 


1097 ± 147 


1637 ±127* 


14 


1006 ±81 


1378 ±216* 



*: (xO.OS 



10 

[0093] Compounds (1) and pharnaaceutically acceptable salts thereof can be administered as they are, or in the form 
of various pharmaceutical compositions. The pharnnaceutical compositions in accordance with the present invention 
can be prepared by uniformly mixing an effective amount of Compound (1) or a pharmaceutically acceptable salt thereof, 
as an active ingredient, with a pharmaceutically acceptable carrier. It is desired that such pharmaceutical compositions 

IS are prepared in a unit dose form suitable for oral administration or administration through injection. 

[0094] For preparing a pharnnaceutical composition for oral administration, any useful pharmaceutically acceptable 
carrier can be used. For example, liquid preparations for oral administration such as suspension and syrup can be 
prepared using water, sugars such as sucrose, sorbitol and fructose, glycols such as polyethylene glycol and propylene 
glycol, oils such as sesame oil, olive oil and soybean oil, preservatives such as p-hydroxybenzoates, flavors such as 

20 strawberry flavor and peppermint, and the like. Powders, pills, capsules and tablets can be prepared using excipients 
such as lactose, glucose, sucrose and mannitol, disintegrating agents such as starch and sodium alginate, lubricants 
such as magnesium stearate and talc, binders such as polyvinyl alcohol, hydroxypropyl cellulose and gelatin, sur- 
factants such as fatty acid esters, plasticizers such as glycerin, and the like. Tablets and capsules are most useful oral 
. unit dose forms because of the readiness of administration. For preparing tablets and capsules, solki pharnnaceutical 

25 carriers are used. 

[0095] Solutions as injectable preparatbns can be prepared using a carrier such as distilled water, a salt solution, a 
glucose solution or a mixture of a salt solution and a glucose solution. The preparations can be prepared In the form 
of solution, suspensbn or dispersion according to a conventional method by using a suitable auxiliary. 
[0096] Compounds (I) and pharmaceutically acceptable salts thereof can be administered orally in the said dosage 

30 forms or parenterally as injections. The effective dose and the administration schedule vary depending upon mode of 
administration, age. body weight and conditions of a patient, etc. However, generally, Compound (1) or a pharmaceu- 
tically acceptable salt thereof is administered in a daily dose of 0.01 to 25 mg/kg in 3 to 4 parts. 
[0097] In addition. Compounds (I) may also be administered by inhalation in the form of aerosol, fine powder, or 
spray solution. In the case of aerosol administration, the compound of the present invention is dissolved in an appro- 

3S priate pharmaceutically acceptable solvent such as ethyl alcohol and a combination of miscible solvents, and the re- 
sulting solution is mixed with a pharnnaceutically acceptable propellant. 

[0098] Certain embodiments of the invention are illustrated in the following examples and reference examples. 
Example 1 

40 

(E)-8-(3,4-Dimethoxystyryl)-1,3-diethytxanthine (Compound 1) 

[0099] 3,4-Dimethoxycinnamic acid (1.39 g, 6.67 mmol) and 3-(3-diethylaminopropyl)-1-ethylcarbodiimide hydro- 
chloride (1 .74 g, 9.09 mmol) were added to a mixture of dioxane (40 ml) and water (20 ml) containing 5,6-diamino- 
45 1,3-diethyluracil [J. Am. Chem. Soc., 75, 114 (1953)] (1.20 g, 6.06 mmol). The resultant solution was stirred at room 
temperature for 2 hours at pH 5.5. After neutralization, the reaction solution was extracted three times with 50 ml of 
chloroform. The combined extract was washed with a saturated aqueous solution of sodium chloride and dried over 
anhydrous sodium sulfate, followed by evaporation under reduced pressure. 

[0100] To the residue were added 10 ml of dioxane and 1 5 mi of an aqueous 1 N sodium hydroxide solution, followed 
so by heating under reflux for 20 minutes. After cooling, the solution was neutralized and 20 ml of chloroform was added 
thereto. The organic layer was separated and the aqueous layer was extracted twice with 20 ml of chloroform. The 
combined extract was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous sodium 
sulfate, followed by evaporation under reduced pressure. The residue was purified by silica gel column chromatography 
(eluent: 2% methanol/chloroform), followed by recrystalltzation from toluene to give 1.06 g (yield 47%) of Compound 
55 1 as pale yellow needles. 

Melting Point: 268.8-269. rc 
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Elemental Analysis: C19H22N4O4 

Calcd. (%) i C. 61.61; H, 5.98; N. 15.12 
Found (%) I C, 61.99; H. 6.00; N. 14.91 



IR (KBr) (cm-1): 1694, 1641, 1514. 1492 

NMR (270MHz; DMSO-dg) 6 (ppm): 1 3.35(1 H, brs). 7.59 (1H, d. J=16.2Hz), 7.27(1 H. d, J=1.4Hz). 7. 14(1 H, dd. 
J=1.4, e.2Hz). 6.99(1H, d, J=8.2Hz), 6.96(1H. d. J=16.2Hz). 4.06(2H. q, J=7.0Hz), 3.91(2H, q. J=7.0Hz). 3.83(3H. s), 
3.79{3H. s), 1.26(3H, t. J=7.0Hz). 1.14{3H, t, J=7.0Hz) 

Example 2 

(E)-8-(3,4-Dimethoxystyryl)-1 ,3-diethyl-7-methyl-xanthine (Compound 2) 

[0101] Compound 1 (1.20 g. 3.24 mmol) obtained in Example 1 was dissolved in 25 ml of dimethylfornnamide. To 
the solution were added 1 . 12 g (8.10 mmol) of potassium carbonate and subsequently 0.40 ml (6.49 mmo!) of methyl 
iodide, and the resultant mixture was stirred at 50°C for 30 minutes. After cooling, insoluble matters were filtered off, 
and 100 ml of water was added to the filtrate. The mixture was extracted three times with 50 ml of chlorofomn. The 
extract was washed twice with water and once with a saturated aqueous solution of sodium chloride, and dried over 
anhydrous sodium sulfate, followed by evaporation under reduced pressure. The obtained crude crystals were purified 
by silica gel column chromatography (eluent; 40% ethyl acetate/hexane), followed by recrystallization from isopropanol 
to give 840 mg (yield 68%) of Compound 2 as pale yellow needles. 
Melting Point: 190.4-1 91. S'^C 



Elemental Analysis: C20H24N4O4 

Calcd. (%) I C, 62.48; H, 6.29; N. 14.57 
Found (%) I C. 62.52; H, 6.53; N, 14.56 



IR (KBr) v„ax(cm*i): 1697, 1655. 1518 

NMR (270MHz; CDCI3) 8 (ppm): 7.74(1 H, d. J=15.5Hz), 7.18(1H. dd, J=1.9, 8.3Hz), 7.08(1 H, d. J=1.9Hz), 6.89 
(1H. d. J=8.3Hz), 6.77(1H, d, J=15.5Hz), 4.21 {2H, q, J=6.9Hz), 4.09(2H. q. J=6.9Hz). 4.06(3H. s). 3.96(3H, s). 3.93 
(3H, s). 1.39(3H. t, J=6.9Hz), 1.27(3H. t, J=6.9Hz) 

Example 3 

(E)-8-(2,3-Dimethoxystyryl)-1,3-diethylxanthtne (Compound 3) 

[0102] Substantially the same procedure as in Example 1 was repeated using 2.0 g (10.1 mmol) of 5,6-diamino- 
1,3-diethyluracil and 2.52 g (12.1 mmol) of 2,3-dimethoxycinnamic acid. Then, the resultant crude crystals were re- 
crystallized from dimethylsulfoxide/water to give 1 .72 g (yield 46%) of Compound 3 as a white powder. 
Melting Point: 2e7.5-289.4'*C 



Elemental Analysis: C19H22N4O4 

Calcd. (%) I C, 61.61; H. 5.98; N. 15.12 
Found (%) I C. 61.56; H, 6.11; N, 14.83 



IR (KBr) v^^ (cm-i): 1697,-1656, 1500 

NMR (270MHz; DMSO-dg) 5 (ppm): 1 3.64(1 H, brs). 7.84 (1 H. d. J=1 6.8Hz). 7.29(1 H, dd, J=1 .7, 7.6H2), 7. 1 5-7.00 
(3H. m), 4.07(2H, q. J=7.0Hz), 3.94(2H. q, J=7.0Hz). 3,83(3H, s), a79(3H, s). 1 .26(3H. t, J=7,0Hz), 1 .14(3H. t. J=7.0Hz) 

Example 4 

(E)-8-(2,3-Dimethoxystyryl)-1 ,3-diethyl-7-methyl-xanthine (Compound 4) 

[0103] Substantially the same procedure as in Example 2 was repeated using 1.60 g (4.32 mmol) of Compound 3 
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obtained in Example 3 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from cyclohexane/ 
toluene to give 1 .21 g (yield 73%) of Compound 4 as a pale yellow powder 
Melting Point: 194.9-1 95.6" C 



Elemental Analysis: C20H24N4O4 


Calcd. (%) 
Found (%) 


C, 62.48; H, 6.29; N, 14.57 
C, 62.67; H. 6.48; N, 14.31 



IR (KBr) v^ax (cm-i)- 1694. 1660. 1272 

NMR (270MHz; CDCI3) 5 (ppm): 8.00(1 H. d, J=16.8Hz). 7.1 9(1 H. dd. J=1.3. 7.9Hz), 7.15-7.00(2H, m). 6.93 (1H. 
dd. J=1.3. 7.9Hz). 4.26{2H, q. J=6.9Hz). 4.09 (2H, q. J=6.9Hz). 4.05(3H. s). 3.91 (3H. s). 3.90 (3H, s). 1.39(3H. t, 
J=6.9Hz). 1.27(3H. t. J=6.9Hz) 

Example 5 

(E)-8-(2,4-Dlmethoxystyryl)-1 ,3-diethylxanthine (Compound 5) 

[0104] Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1.3-diethyluracil and 2.89 g (13.9 mmol) of 2,4-dimethoxycinnamic acid. Then, the resultant crude crystals were re- 
crystallized from dimethylformamide/ethanol to give 0.92 g (yield 20%) of Compound 5 as yellow crystals. 
Melting Point: 278.7-279.8" C 



Elemental Analysis: Ci9H22N404 

Calcd. (%) I C, 61.61; H. 5.98; N. 15.12 
Found (%) j C. 61.65; H. 5.95; N. 14.74 

IR (KBr) v^^ (cm-1): 1698, 1640. 1509, 1292 

NMR (270MHz; DMSO-dg) 5 (ppm): 13.43(1H, brs). 7.77 (1H, d. J=16.8Hz). 7.54(1 H. d, J=8.4Hz). 6.95(1 H. d. 
J=16.8Hz), 6.63(1 H, d, J=2.5Hz). 6.60(1 H, dd. J=2.5. 8.4Hz), 4.06{2H. q. J=6.9Hz), 3.93(2H. q. J=6.9Hz), 3.89(3H, 
s), 3.82(3H, s). 1.25(3H, t, J=6.9Hz), 1.13(3H, t. J=6.9Hz) 

Example 6 

(E)-8-(2.4-Dimethoxystyryl)-1 .3-diethyl-7-methybcanthine (Compound 6) 

[0105] Substantially the same procedure as in Example 2 was repeated using 400 mg (1.08 mmol) of Compound 5 
obtained in Example 5 in place of Compound 1. Then, the resultant crude crystals were recrystallized from hexane/ 
ethyl acetate to give 335 mg (yield 81%) of Compound 6 as yellow needles. 
Melting Point: 195.9-196.7"C 



Elemental Analysis: C20H24N4O4 

Calcd. (%) I C, 62.48; H, 6.29; N. 14.57 
Found (%) I C, 62.29; H. 6.51; N. 14.66 



IR (KBr) v^^ (cm-i): 1693. 1654. 1603. 1294 

NMR (270MHz; CDCy 6 (ppm): 7.93(1 H. d, J=:15.8Hz). 7.48(1 H. d, J=8.3Hz), 6.97(1 H. d. J=15.8Hz). 6.53 (1H. 
dd. J=2.0. 8.3Hz). 6.49(1 H. d. J=2.0Hz). 4.22 (2H. q, J=6,9Hz). 4.08(2H. q, J=6.9Hz). 4.02(3H, s). a92(3H. s), 3.86 
(3H, s), 1.38(3H. t. J=6.9Hz), 1.26(3H, t, J=6.9Hz) 

Example 7 

(E)-1 ,3-Diethyl-8-(2,3.4-trimethoxystyryl)xanthine (Compound 7) 

[0106] Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mmol) of 5,6-diamino- 
1,3-diethyluracil and 2.3 g (13.9 mmol) of 2,3,4-trimethoxycinnamic acid. Then, the resultant crude crystals were re- 
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crystallized from dioxane/water to give 2.85 g (yield 57%) of Compound 7 as white crystals. 
Melting Point: 276.3-277.0*' C 



Elemental Analysis: C20H24N4O5 


Calcd. (%) 
Found (%) 


C, 59.99; H, 6.04; N. 13.99 
C. 60.26; H. 6.24; N. 14.28 



IR (KBr) (cm-i): 1696. 1655. 1500 

NMR (270MHz; CDCI3) 6 (ppm): 1 2.39(1 H, brs). 7.88(1 H, d, J=16.3Hz). 7.30(1 H. d, J=8.4Hz). 7.09(1 H. d. 
J=1 6.3Hz). 6.73(1 H. d, J=8.4Hz), 4.26(2H. q, J=6.9Hz). 4.20(2H, q. J=6.9Hz), 3.96(3H. s). 3.92 (3H, s), 3.91 (3H, s), 
1.41(3H. t, J=6.9Hz). 1.29 (3H. t. J=6.9Hz) 

Example 8 

(E)-1 .3-Diethyl-7-methyl-8-(2.3,4-trimethoxystyryl)-xanthine (Compound 8) 

[0107] Substantially the same procedure as in Example 2 was repeated using 1.5 g (3.75 mmol) of Compound 7 
obtained in Example 7 In place of Compound 1 . Then, the resultant crude crystals were recrystallized from hexane/ 
ethyl acetate to give 1 .32 g (yield 85%) ot Compound 8 as colorless needles. 
Melting Point: 152.9-1 54. 3°C 



Elemental Analysis: C21 H26N4O5 


Calcd. (%) 
Found (%) 


C, 60.86; H. 6.32; N, 13.52 
C, 61.04; H, 6.44; N. 13.79 



IR (KBr) v^ax (cm-""): 1695, 1655. 1498, 1289 

NMR (270MHz; CDCy 6 (ppm): 7.88(1 H. d. J=15.8Hz). 7.28(1 H. d. J=8.9Hz), 7.01 (1H. d. J=15.8Hz). 6.72 (1H, 
d. J=8.9Hz). 4.22(2H, q, J=6.9Hz). 4.09(2H. q, J=6.9Hz). 4.04(3H. s). 3.97(3H, s). 3.91 (3H, s). 3.90(3H. s), 1.38(3H. 
t, J=6.9Hz), 1.27(3H, t, J=6.9Hz) 

Example 9 

(E)-1 ,3-Diethyl-8-(4-methoxy-2,3-dimethylstyryl)-xanthine (Compound 9) 

[0108] Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mmol) of 5,6-diamino- 
1,3-diethyluracil and 2.9 g (13.9 mmol) of 4-methoxy-2,3-dimethylcinnamic acid. Then, the resultant crude crystals 
were recrystallized from ethanol/water to give 0.80 g (yield 17%) of Compound 9 as white crystals. 
Melting Point: >280.0**C 



Elemental Analysis: C20H24N4O3 


Calcd. (%) 
Found (%) 


C. 65.20; H. 6.56; N, 15.21 
C. 65.24; H. 6.61; N, 15.29 



IR (KBr) v^^ (cm-i): 1697, 1642. 1496. 1270 

NMR (270MHz; DMSO-dg) 6 (ppm): 1 3.52(1 H, brs). 7.93 (1H. d. J=15.8Hz). 7.56(1 H. d, J=8.2Hz), 6.89(1 H. d, 
J=8.2Hz), 6.82(1H. d. J=15.8Hz), 4.06(2H. q. J=6.9Hz), 3.94(2H, q. J=6.9Hz). 3.81(3H, s), 2.33 (3H. s). 2.13(3H, s). 
1.26(3H. t. J=6.9Hz). 1,14 (3H, t. J=6.9Hz) 

Example 10 

(E)-1 ,3-Diethyl-8-(4-methoxy-2,3-dimethylstyryl)-7-methyb(anthine (Compound 10) 

[0109] Substantially the same procedure as in Example 2 was repeated using 500 mg (1 .36 mmol) of Compound 9 
obtained in Example 9 in place of Compound 1. Then, the resultant crude crystals were recrystallized from hexane/ 
ethyl acetate to give 493 mg (yield 95%) of Compound 10 as pale yellow needles. 
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Melting Point: 207.7-208. S^'C 



Elemental Analysis: C2iH26N403 


Calcd. (7o) 
Found (7o) 


C, 65.95; H, 6.85; N, 14.65 
C, 66.24; H, 6.99; N, 14.69 



IR(KBr) v^^ (cm-1): 1698, 1651. 1267 

NMR (270MH2; CDCI3) 5 (ppm): 8.08(1 H. d, J=15.2Hz). 7.46(1 H. d. J=8.9Hz). 6.77(1 H, d, J=8.9H2). 6.67 (1H, 
d. J:=15.2Hz). 4.22(2H. q, J=6.9Hz). 4.09(2H. q. J=6.9Hz). 4.03(3H. s). a86(3H. s). 2.40(3H. s). 2.21(3H. s). 1.39(3H. 
t, J=6.9Hz), 1.26(3H. t. J=6.9Hz) 

Example 11 

(E)-1 ,3-Diethyl-8-(4-methoxy-2,5-dimethylstyryl)-xanthine (Compound 11 ) 

[0110] Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mmol) of 5,6-diamino- 
1,3-diethyluracil and 2.9 g (13.9 mmol) of 4-methoxy-2,5-dimethylcinnamic acid. Then, the resultant crude crystals 
were recrystallized from dioxane/water to give 2.43 g (yield 52%) of Compound 11 as white crystals. 
Melting Point: >280.0°C 



Elemental Analysis: C20H24N4O3 


Calcd. (%) 
Found (%) 


C. 65.20; H. 6.56; N. 15.21 

C, 64.83; H. 6.56; N, 15.43 
... 



IR (KBr) (cm-^): 1690, 1646. 1510. 1265 

NMR (270MHz; DMSO-dg) 5 (ppm): 13.52(1H. brs). 7.82 (1H. d. J=16.3Hz), 7.54(1H. s), 6.86(1H. d, J=16.3Hz). 
6.82(1 H, s). 4.06(2H. q, J=6.9Hz). 3.94 (2H. q, J=6.9Hz), 3.81 (3H. s). 2.41 (3H. s). 2.14 (3H. s). 1.25(3H. t, J=6.9Hz). 
1.14(3H, t. J=6.9Hz) 

Example 12 

(E)-1 ,3-Diethyl-8-(4-methoxy-2,5-dimethytstyryl)-7-methylxanthine (Compound 12) 

[0111] Substantially the same procedure as in Example 2 was repeated using 1 . 10 g (2.98 mmol) of Compound 11 
obtained in Example 11 in place of Compound 1. Then, the resultant crude crystals were recrystallized from ethyl 
acetate to give 0.76 g (yield 67%) of Compound 12 as yellow needles. 
Melting Point: 235.4-236. TC 



Elemental Analysis: C21H26N4O3 

Calcd. (%) I C. 65.95; H. 6.85; N, 14.65 
Found (%) i C. 65.56; H. 6.93; N. 14.64 



IR(KBr)v^ax{cm-"'): 1689, 1657, 1510, 1263 

NMR (270MHz; CDCI3) 6 (ppm): 7.97(1 H, d. J=15.5Hz). 7.42(1 H, s). 6.71 (1H. d. J=15.5Hz). 6.66(1 H. s), 4.22 
(2H. q, J=r6.9Hz). 4.09(2H. q. J=6.9Hz), 4.05 (3H, s). 3.86(3H. s). 2.48(3H. s). 2.23(3H. s). 1.38(3H. t, J=6.9Hz). 1.26 
(3H. t. J=6.9Hz) 

Example 1 3 

(E)-8-(2.4-Dimethoxy-3-methylstyryl)-1 .3-diethyl-xanthine (Compound 13) 

[0112] Substantially the same procedure as in Example 1 was repeated using 2.0 g (10.1 mmol) of 5.6-diamino- 
1,3-dtethyluracil and 2.04 g (9.19 mmol) of 2.4-dimethoxy-3-methylcinnamic acid. Then, the resultant crude crystals 
were recrystallized from dioxane/water to give 1.22 g (yield 32%) of Compound 13 as a yellow powder. 
Melting Point: >275.0°C 
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Elemental Analysis: C20H24N4O4 

Calcd. (%) I C. 62.48; H, 6.29; N. 14.57 
Found (%) i C. 62.28; H, 6.42; N. 14.22 



!R (KBr) v^ajj(cm-i): 1696, 1635. 1592, 1499 

NMR (270MHz; DMSO-dg) 5 (ppm): 7.75(1H. d, J=16.5Hz), 7.58(1H. d, J=8.8Hz). 6.99(1H, d. J=16.5Hz), 6.85 
(1 H, d, J=8.8H2), 4.04(2H. q, J=6.9Hz), 3.95(2H, q. J=6.9H2), 3.83(3H, s), 3.70(3H. s), 2.09(3H. s). 1 .26(3H. t, J=6.9Hz), 
1.14(3H, t. J=6.9Hz) 

Example 14 

(E)-8-(2,4-Dimethoxy-3-methylstyryl)-1 ,3-diethyl-7-methylxanthine (Compound 14) 

[01 1 3] Substantially the same procedure as in Example 2 was repeated using 700 mg (1 .82 mmol) of Compound 1 3 
obtained in Example 1 3 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from cyclohex- 
ane/toluene to give 610 mg (yield 84%) of Compound 14 as pale yellow needles. 
Melting Point: 196.1-196.8°C 



Elemental Analysis: C21H26N4O4 

Calcd. (%) j C. 63.30; H. 6.57; N. 14,06 
Found (%) 1 C. 63.32; H, 6.74; N. 14.13 



'R (KBr) v^g^ (cm-i): 1695, 1649, 1498 

NMR (270MH2; CDCI3) 5 (ppm): 7.81 (1H, d, J=15.8H2), 7.78(1 H. d, J=8.6Hz), 7.23(1 H. d, J=15.8Hz). 6.87 (1H, 
d. J=8.6H2). 4.07(2H, q, J=6.9H2), 4.01 (3H, s), 3.92(2H. q, J=6.9H2). 3.85(3H. s). 3.70(3H, s). 2.10(3H, s), 1.27(3H, 
t. J=6.9Hz), 1.13(3H. t. J=6.9H2) 

Example 15 

(E)-1.3-Diethyl-8-(3.4-methylenedioxystyryl)xanthine (Compound 15) 

[0114] Substantially the same procedure as in Example 1 was repeated using 2.0 g (10.1 mmol) of 5.6-diamino- 
1,3-diethyluracil and 2.33 g (12.1 mmol) of 3,4-methylenedioxycinnamic acid. Then, the resultant crude ciystals were 
recrystallized from dimethylformamide/water to give 1 .34 g (yield 38%) of Compound 15 as a yellowish green powder. 
Melting Point: >275.0**C 



Elemental Analysis: C1QH1QN4O4 

Calcd. (%) i C. 61.01; H, 5.11; N, 15.81 
Found (%) I C. 61.16; H, 5.03; N. 15.80 



IR (KBr) v^^ (cm-1): 1685, 1638, 1499 

NMR (270MH2; DMSO-de) 6 (ppm): 7.55(1 H, d, J=16.3H2). 7.30(1 H, s), 7.08(1 H, d, J=8.9Hz), 6.96(1 H, d. 
J=8.9Hz). 6.90(1 H. d. J=16.3Hz), 6.07(2H. s). 4.05 (2H. q. J=6.9Hz), 3.93(2H, q, J=6.9H2), 1 .25(3H, t, J=6.9H2). 1.10 
(3H, t. J=6.9H2) 

Example 16 

(E)-1 ,3-Diethyl-7-methyl-8-(3,4HTiethyIenedioxystyryl)-xanthine (Compound 16) 

[0115] Substantially the same procedure as in Example 2 was repeated using 1.35 g (3.81 mmol) of Compound 15 
obtained in Example 15 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from cyclohex- 
aneAoluene to give 940 mg (yield 67%) of Compound 16 as yellow needles. 
Melting Point: 219.4-21 9.6*C 
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Elemental Analysis: C19H20N4O4 

Calcd. (%) I C. 61.94; H. 5.47; N. 15.20 
Found (%) I C, 62.09; H, 5.41; N. 15.16 



IR (KBr) v^ax (cnn-i): 1687, 1657. 1569, 1498, 1443 

NMR (270MHz; CDCI3) 5 (ppm); 7.70(1H. d. J=15.5Hz). 7.10(1H. d. J=1.6Hz), 7.06(1H. dd, J=1.6, 8.0Hz). 6.84 
(1H. d. J=8.0Hz). 6.73(1 H. d. J=15.5Hz), 6.02 (2H, s), 4.21 (2H. q. J=6.9Hz). 4.09(2H, q, J=6.9Hz). 4.04(3H, s). 1.38 
(3H. t, J=6.9Hz). 1.26 (3H. t. J=6.9Hz) 

Exannple 17 

(E)-8-[2-(1 .4-Benzodioxan-6-yl)vinyl]-1 ,3-diethyl-xanthlne (Compound 17) 

[0116] Substantially the same procedure as in Example 1 was repeated using 2.85 g (14.4 mmol) of 5,6-diamino- 
1,3-diethyluracil and 2.70 g (13.1 mmol) of 3-(1,4-benzodioxan-6-yl)acrylic acid. Then, the resultant crude crystals 
were recrystallized from dioxane/water to give 2.45 g (yield 51%) of Compound 17 as a pale yellow powder. 
Melting Point: >300°C 



Elemental Analysis: C19H20N4O4 

Calcd. (%) i C, 61.94; H, 5.47; N, 15.20 
Found (%) I C. 61.97; H. 5.62; N, 15.07 



IR(KBr)v^ax(cm-i): 1682. 1637. 1511, 1310 

NMR (270MHz; DMSO-dg) 5 (ppm): 7.51 (1H, d, J=16.2Hz). 7.10-7.03(2H. m), 6.89(1 H. d. J=7.9Hz). 6.87(1 H, d. 
J=16.2Hz). 4.27(4H. s). 4.05(2H. q, J=6.9H2). 3.93{2H. q, J=6.9Hz), 1.22(3H, t, J=6.9Hz). 1.13 (3H. t. J=:6.9H2) 

Example 16 

(E)-B-[2-(1 ,4-Ben20dbxan-6-yI)vinyl]-1 ,3-diethyl-7-methylxanthine (Compound 18) 

[0117] Substantially the same procedure as in Example 2 was repeated using 2.00 g (5.43 mmol) of Compound 17 
obtained in Example 17 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from ethanol/ 
isopropanol to give 1 .58 g (yield 76%) of Compound 18 as yellow needles. 
Melting Point: 233.1 -233.6»C 



Elemental Analysis: C20H22N4O4 

Calcd. (%) I C, 62.81; H. 5.79; N, 14.65 
Found (%) j C. 62.55; H. 5.80; N, 14.60 



IR (KBr) v^^ (cm-i): 1689, 1654. 1509 

NMR (270MHz; CDCI3) 6 (ppm): 7.67(1H, d, J=15.8Hz). 7.15-7.05(2H. m), 6.88(1H, d. J=8.3Hz). 6.75(1H, d, 
J=1 5.8Hz), 4.30(4H. s), 4.21 (2H. q, J=6.9H2), 4.08(2H, q. J=6.9Hz). 4.03(3H, s), 1.39(3H, t, J=6.9Hz), 1.35(3H. t, 
J=6.9Hz) 

Example 19 

(E)-e-(2,3,4-Trimethoxystyryl)theophylline (Compound 19) 

[0118] Substantially the same procedure as in Example 1 was repeated using 5.00 g (29.4 mmol) of 5,6-diamino- 
1,3-dimethyturacil and 7.71 g (32.4 mmol) of 2,3,4-trimethoxycinnamic acid. Then, the resultant crude crystals were 
recrystallized from isopropanol/water to give 3.78 g (yield 35%) of Compound 19 as an ocher powder. 
Melting Point: 264.8-266. rc 
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Elemental Analysis: C18H20N4O5 


Calcd. (%) 
Found (%) 


C. 58.05; H. 5.41; N. 15.04 
C. 58.28; H. 5.38; N. 15.20 



IR (KBr) (cm-1): 1697, 1651, 1505. 1297 

NMR (270MHz; CDCI3) 6 (ppnn): 12.78(1H, s). 7.91(1H. d, J=16.8Hz). 7.28(1H. d, J=9.4Hz), 7.13(1H. d. 
J=1 6.8Hz). 6.73(1 H, d, J=9.4Hz). 3.95(3H. s). 3.92 (3H, s), 3.90(3H, s). 3.69(3H. s). 3.54(3H. s) 

Exannple 20 

(E)-8-(2.3,4-Trimethoxystyryl)caffeine (Conapound 20) 

[0119] Substantially the same procedure as in Example 2 was repeated using 2.00 g (5.38 mmol) of Compound 1 9 
obtained in Example 1 9 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from cyclohex- 
aneAoluene to give 1 .68 g (yield 81%) of Compound 20 as a pale yellow powder 
Melting Point: 1 86.7- 187. 9** C 



Elemental Analysis: C19H22N4O6 


Calcd. (%) 
Found (%) 


C. 59.06; H, 5.74; N. 14.50 
C. 59.27; H, 5.72; N. 14.60 



IR (KBr) v^ax (cm-i): 1694, 1655, 1596, 1544, 1501, 1295 

NMR (270MHz; CDCI3) 6 (ppm): 7.90(1 H, d, J=16.3Hz). 7.28(1 H. d, J=7.9Hz), 7.01 (1H. d, J=16.3Hz), 6.72 (1H. 
d, J=7.9Hz), 4.04(3H. s), 3.97(3H. s). 3.91 (3H. s), 3.90(3H, s). 3.64(3H. s). 3.42(3H. s) 

Example 21 

(E)-8-(4-Methoxy-2,3-dlmethylstyryl)theophylline (Compound 21) 

[0120] Substantially the same procedure as in Example 1 was repeated using 1.74 g (10.2 mmol) of 5,6-diamino- 
1,3-dimethyluracil and 2.42 g (11.8 mmol) of 4-methoxy-2,3-dimethylclnnamic acid. Then, the resultant crude crystals 
were recrystallized from acetonitrile to give 750 mg (yield 22%) of Compound 21 as a white powder. 
Melting Point: >275°C 



Elemental Analysis: Ci8H2oN403 


Calcd. (%) 
Found (%) 


C. 63.51; H. 5.92; N. 16.46 
C, 63.56; H. 5.82; N. 16.30 



IR (KBr) (cm-1): 1703, 1634, 1593 

NMR (270MHz; DMSO-dg) 5 (ppm): 1 3.45(1 H. s). 7.93(1 H, d, J=16.2Hz), 7.53(1 H. d. J=8.9Hz). 6.88(1 H, d, 
J=8.9Hz), 6.79(1 H, d, J=16.2Hz), 3.80(3H, s). 3.75 (3H, s), 3.25(3H, s). 2.32(3H, s). 2.12(3H. s) 

Example 22 

(E)-8-(4-Methoxy-2,3-dimethylstyryl)caffeine (Compound 22) 

[0121] Substantially the same procedure as in Example 2 was repeated using 500 mg (1 ,47 mmol) of Compound 21 
obtained in Example 21 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from toluene 
to give 280 mg (yield 54%) of Compound 22 as a pale yellow powder. 
Melting Point: >275'*C 



Elemental Analysis: C,9H22N403 


Calcd. (%) 


C. 64.39; H, 6.25; N. 15.80 
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Elemental Analysis: C-,9H22N403 



Found (%) I C. 64.44; H, 6.27; N, 16.11 



IR(KBr) (cm-i): 1694. 1650, 1544, 1491, 1435 

NMR (270MHz; CDCIa) 5 (ppm): 7.96(1H, d, J=:15.5Hz). 7.73(1H. d, J=8.6Hz), 7.07(1H, d. J=15.5Hz). 6.90 (1H. 
d, J=8.6Hz), 4.02(3H. s). a82(3H, s). 3.48 (3H, s), 3.29(3H, s). 2.32(3H, s). 2.13(3H. s) 

Example 23 

(E)-8-(3,4-Methylenedioxystyryl)theophylline (Compound 23) 

[0122] Substantially the same procedure as in Example 1 was repeated using 5.0 g (29.4 mmol) of 5,6-diamino- 
1 .3-d(methyluractl and 6.78 g (35.3 mmol) of 3,4-methylenedioxycinnamic acid. Then, the resultant crude crystals were 
recrystallized from dimethyiformamide/water to give 1 .20 g (yield 1 3%) of Compound 23 as a pale yellow powder. 
Melting Point: >275*C 



Elemental Analysis: CieHi4N404 



Gated. (%) I C, 58.99; H. 4.32; N, 17.16 
Found (%) I C. 58.84; H. 4.30; N. 16.97 



IR (KBr) v^ax (cm-^: 1692, 1642, 1499 

NMR (270MHz; DMSO^ig) 5 (ppm): 7.57(1 H, d, J=16.1Hz), 7.09(1 H. s), 7.07(1 H. d. J=7.9Hz), 6.92(1 H. d, 
J=7.9H2), 6.88(1 H, d, J=16.IH2), 6.07(2H, s), 3.47 (3H, s). 3.30(3H. s) 

Example 24 

(E)-8-(3.4-Methylenedioxystyryl)caffeine (Compound 24) 

[0123] Substantially the same procedure as in Example 2 was repeated using 2.32 g (7.13 mmol) of Compound 23 
obtained in Example 23 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from dioxane 
to give 1 .54 g (yield 64%) of Compound 24 as yellow needles. 
Melting Point: >300°C 



Elemental A 


nalysis: C^y 


H16N4O4 




Calcd. (%) 
Found (%) 


C, 59.99; 
C, 59.98; 


H. 4.73; 
H, 4.66; 


N, 16.46 
N, 16.38 



IR (KBr) v^^ (cm-^): 1702, 1663. 1545. 1506 

NMR (270MHz; CDCI3) 5 (ppm): 7.72(1H. d. J=15.3Hz), 7.10(1H. d, J=1.5Hz), 7.06(1H, dd. J=1.5, 7.9Hz), 6.84 
(1H. d. J=7.9Hz), 6.73(1 H. d. J=15.3Hz), 6.03 (2H. s). 4.05(3H, s), 3.63(3H. s). 3.42(3H, s) 

Example 25 

(E)-8-(2,3-Dimethoxystyryl)theophylline (Compound 25) 

[0124] Substantially the same procedure as in Example 1 was repeated using 2.50 g (14.7 mmol) of 5,6-diamino- 
1,3-dlmethyluraciI and 3.37 g (16.2 mmol) of 2,3-dimethoxycinnamic acid. Then, the resultant crude crystals were 
recrystallized from ethanol/water to give 1 .03 g (yield 41%) of Compound 25 as pale yellow needles. 
Melting Point: 289.2-290.5°C 



Elemental Analysis: C-,7Hi8N404 


Calcd. (%) 
Found (%) 


C. 59.64; H, 5.29; N, 16.36 
C, 59.42; H. 5.12; N. 16.65 
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IR(KBr) Vrnax(cm-i): 1700. 1649. 1499. 1476. 1273 

NMR (270MHz; DMSO-dg) 5 (ppm): 1 3.60(1 H, brs), 7.84 (1 H. d. J=1 6.8Hz), 7.26(1 H, d. J=6.9Hz). 7. 1 5-7.00 (3H, 
m), 3.83(3H. s). 3.79(3H. s). 3.48(3H. s). 3.26(3H, s) 

Example 26 

(E)-8-(2,3-Dimethoxystyfyl)caffeine (Compound 26) 

[0125] Substantially the same procedure as in Example 2 was repeated using MO g (3.22 mmol) of Compound 25 
obtained in Example 25 in place of Compound 1. Then, the resultant crude crystals were recrystallized from toluene 
to give 570 mg (yield 50%) of Compound 26 as yellow needles. 
Melting Point: 233.6-236.7°C 



Elemental Analysis: Ci8W2oN404 

Calcd. (%) j C, 60.66; H, 5.65; N. 15.72 
Found (%) I C, 60.21; H, 5.74; N. 16.13 



tR (KBr) v^ax (cm-i): 1688, 1645, 1545. 1480 

NMR (270MHz; DMSO-dg) 5 (ppm): 7.91(1H. d. J=:16.0Hz), 7.52(1H, dd, J=1.7. 7.6Hz). 7.32(1H. d. J=16.0Hz). 
7.10-7.05(2H, m), 4.03(3H, 8). 3.84(3H. s). 3.79 (3H, s). 3.48(3H, s), 3.24(3H, s) 

Example 27 

(E)-8-(2,4-Dimethoxystyryl)theophylline (Compound 27) 

[0126] Substantially the same procedure as in Example 1 was repeated using 1.0 g (5.88 mmol) of 5,6-diamino- 
1,3-dimethyluracil and 1.35 g (6.48 mmol) of 2,4-dimethoxycinnamic acid. Then, the resultant caide crystals were 
recrystallized from dimethylformamide to give 221 mg (yield 11%) of Compound 27 as pale yellow grains. 
Melting Point: >280*C 



Elemental Analysis: C^7HiqN404 

Calcd. {%) I C, 59.64; H. 5.29; N, 16.36 
Found (%) j C, 59.51; H, 5.34; N. 16.58 



IR (KBr) v^ax (crn'i): 1705, 1650. 1607, 1505 

NMR (270MHz; DMSO-dg) 5 (ppm): 1 3.40(1 H, brs), 7.78 (1H. d, J=16.5Hz). 7.53(1 H, d, J=8.3Hz), 6.93(1 H. d, 
J=1 6.5Hz), 6.63(1 H. d. J=2.3Hz). 6.60(1 H. dd. J=2.3. 8.3Hz), 3.89(3H, s). 3.82(3H, s). 3.47(3H, s), 3.25(3H, s) 

Example 28 

(E)-8-(2,4-Dimethoxystyryl)caffeine (Compound 28) 

[0127] Substantially the same procedure as in Example 2 was repeated using 700 mg (2.05 mmol) of Compound 27 
obtained in Example 27 in place of Compound 1. Then, the resultant crude crystals were recrystallized from dioxane 
to give 621 mg (yield 85%) of Compound 28 as yellow needles. 
Melting Point: 241. 5-242. rc 



Elemental Analysis: C18H20N4O4 


Calcd. (%) 
Found (%) 


C, 60.66; H. 5.65; N, 15.72 
C, 60.49; H, 5.61; N. 15.69 



IR (KBr) v^ax (cm-"'); 1685, 1650, 1602, 1434 

NMR (270MHz; CDC\^) 6 (ppm): 7.95(1 H, d, J=15.8Hz), 7.48(1 H. d, J:=8.6Hz). 6.98(1 H. d, J=15.8Hz), 6.54 (1H. 
dd, J=2.3. 8.6Hz), 6.49(1 H, d, J=2.3Hz). 4.03 (3H. s), 3.92(3H, s). 3.86(3H. s). 3.64(3H. s), 3.42(3H. s) 
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Example 29 

(E)-8-(4-Metho)cy-2,5-dimethylstyryl)theophylline (Compound 29) 

[0128] Substantially the same procedure as In Example 1 was repeated using 1.0 g (5.88 mmol) of 5,6-diamino- 
1 ,3-dimethyluracll and 1 .33 g (6.45 mmol) of 4-methoxy-2.5-dimethylcinnamic acid. Then, the resultant crude crystals 
were recrystallized from dimethylformamide to give 393 mg (yield 20%) of Compound 29 as pale yellow grains. 
Melting Point; >280*'C 



Elemental Analysis: C18H20N4O3 


Calcd. (%) 
Found (%) 


C, 63.51; H, 5.92; N, 16.46 
C. 63.59; H. 6.10; N. 16.23 



IR (KBr) v^^ (cm-"*): 1703, 1648. 1509, 1260 

NMR (270MHz; DMSO-d©) ^ (PPm) : 1 3.48(1 H, brs), 7.81 (1H, d, J=16.2Hz). 7.50(1 H. s), 6.82(1 H. d. J=16.2Hz), 
6.81(1H. s). 3.ei(3H. s). 3.46(3H. s), 3.25(3H. s). 2.40(3H, s). 2.14(3H, s) 

Example 30 

(E)-8-(4-Methoxy-2,5-dimethyIstyryl)catfeine (Compound 30) 

[0129] Substantially the same procedure as in Example 2 was repeated using 300 mg (0.88 mmol) of Compound 29 
obtained in Example 29 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from dioxane 
to give 211 mg (yield 68%) of Compound 30 as yellow needles. 

Melting Point: >280*»C 

MS-EI m/e: 354(M+), 339(M+-CH3) 

IR (KBr) v^ax (cm-^): 1692, 1653, 1508 

NMR (270MHz; CDCI3) 5 (ppm): 8.00(1 H. d, J=15.3Hz). 7.42(1 H. s), 6.72(1 H, d. J=15.3Hz). 6.66(1 H. s), 4.06 
(3H, s). 3.86(3H, s), 3.64(3H. s), 3.42(3H, s). 2.49(3H, s), 2.23(3H, s) 

Example 31 

(E)-8-(2,4-Dimethoxy-3-methylstyryl)theophylline (Compound 31) 

[0130] Substantially the same procedure as in Example 1 was repeated using 1.0 g (5.88 mmol) of 5,6-diamino- 
1 ,3-dimethyluracll and 1 .44 g (6.45 mmol) of 2,4-dimethoxy-3-methylcinnamic acid. Then, the resultant crude crystals 
were recrystallized from dioxane to give 581 mg (yield 28%) of Compound 31 as pale yellow needles. 
Melting Point: >280"C 



Elemental Analysis: C13H20N4O4 

Calcd. (%) j C. 60.67; H, 5.65; N, 15.72 
Found (%) I C. 60.34; H. 5.77; N, 15.64 



IR (KBr) v^ax (cm-^): 1695. 1653. 1499, 1270 

NMR (270MHz; DMSO-dg) 5 (ppm): 1 3.52(1 H, brs), 7.75 (1H, d, J=:16.2Hz). 7.55(1 H. d, J=8.3Hz), 6.96(1 H, d, 
J=16.2Hz), 6.84(1 H, d, J=8.3Hz). 3.83(3H. s), 3.70(3H, s), 3.47(3H. s). 3.25(3H. s), 2.09(3H, s) 

Example 32 

(E)-8-(2,4-Dimethoxy-3-methylstyryl)caffeine (Compound 32) 

[01 31] Substantially the same procedure as in Example 2 was repeated using 300 mg (0.84 mmol) of Compound 31 
obtained in Example 31 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from methylene 
chtoride/diethyl ether to give 239 mg (yield 77%) of Compound 32 as white needles. 
Melting Point: 252.7-253. 5° C 
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Elemental Analysis; C19H22N4O4 


Calcd. (%) 
Found (%) 


C. 61.61; H, 5.98; N, 15.13 
C. 61.40; H. 6.06; N, 15.17 



IR(KBr)v^ax(cn^"''): 1692. 1651, 1505 

NMR (270MHz; CDCI3) 5 (ppm): 7.92(1 H, d, J=15.8Hz), 7.42(1 H, d. J=8.9Hz). 6.99(1 H, d. J=15.8Hz). 6.70 (IH. 
d. J=8.9Hz), 4.04(3H, s). 3.88(3H, s), 3.78 (3H, s), 3,64(3H. s). 3.42(3H. s), 2.19(3H. s) 

Example 33 

(E)-8-(2.5-DimethylstyryI)-1,3-diethylxanthine (Compound 33) 

[0132] Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5,6-diamino- 
1,3-diethyluracil and 3.20 g (18.2 mmol) of 2,5-dtmethylcinnamic acid. Then, the resultant crude crystals were recrys- 
tallized from ethanol/toluene to give 2.56 g (yield 50%) of Compound 33 as white needles. 
Melting Point: 281 .8-282. 5° C 



Elemental Analysis: Ci9H22N4O2*0.5H2O 

Calcd. (%) I C. 66.46; H. 6.97; N, 15.50 
Found (%) j C, 66.77; H. 6.82; N. 15.72 



IR (KBr) Vn,3x (cm-1): 1706. 1639, 1503 

NMR (270MHz; DMSOndg) 8 (ppm): 7.84(1 H, d, J=16.3Hz), 7.53(1 H, s). 7.13(1H, d. J=7.4Hz), 7.06(1 H, d, 
J=7.4Hz). 7.00(1 H, d. J=16.3Hz), 4.06(2H. q, J=7.1Hz). 3.94{2H, q. J=7.IHz). 2.37(3H, s). 2.30 (3H, s), 1.26{3K t. 
J=7.1Hz). 1.14(3H, t, J=7.1Hz) 

Example 34 

(E)-8-(2,5-Dimethylstyryl)-1,3-diethyl-7-methylxanthine (Compound 34) 

[0133] Substantially the same procedure as in Example 2 was repeated using 2.00 g (5.92 mmol) of Compound 33 
obtained in Example 33 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from toluene/ 
cyctohexane to give 1 .29 g (yield 62%) of Compound 34 as white needles. 
Melting Point: 1 90.3-1 90.7'»C 



Elemental Analysis: C20H24N4O2 

Calcd. (%) I C. 68.16; H. 6.86; N. 15.89 
Found (%) i C. 68.15; H. 7.02; N. 15.65 



IR (KBr) v^3^ (cm-1): 1698. 1657 

NMR (270MHz; CDCI3) 5 (ppm): 7.86(1 H. d. J=1 5.8Hz). 7.71 (1 H, s). 7.23(1 H. d. J=1 5.8Hz). 7. 1 5(1 H. d, J=7.9H2), 
7.09(1 H, d. J=:7.9Hz). 4.11-4.04(2H. m). 4.04(3H. s), 3.92(2H, q. J=6.9Hz), 2.37(3H, s), 2.32(3H, s), 1.26(3H, t, 
J=6.9Hz). 1.13(3H. t. J=6.9Hz) 

Example 35 

(E)-8-(4-Ethoxystyryl)-1,3-diethylxanthine (Compound 35) 

[0134] Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5,6-diamino- 
1 ,3-diethyl uracil and 3.20 g (16.7 mmol) of 4-ethoxycinnamic acid. Then, the resultant crude crystals were recrystallized 
from dioxane to give 2.97 g (yield 55%) of Compound 35 as pale yellow needles. 
Melting Point: 296.7-298.6°C 
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Elemental Analysis: C19H22N4O3 

Calcd (%) i C. 64.39; H. 6.25; N. 15.81 
Found (%) I C. 64.54; H, 6.52; N, 15.80 



IR (KBr) v^ax (cm-""): 1695, 1647. 1516. 1250 

NMR (270MHz; DMSO-dg) 5 (ppm): 1 3.36(1 H. brs). 7.59 (1H, d. J=:16.2H2). 7.55(2H. d, J=8.6Hz). 6.96(2H. d. 
J=8.6Hz), 6.88(1 H, d. J=16.2Hz), 4.11-4.04(4H, m), 3.94(2H. q. J=6.9Hz), i.34(3H. t. J=6.9Hz). 1.26(3H, t, J=6.9Hz), 
1.14(3H. t. J=6.9Hz) 

Example 36 

(E)-8-(4-Ethoxystyryl)-1,3-diethyl-7-methylxanthlne (Compound 36) 

[0135] Substantially the same procedure as in Example 2 was repeated using 1 .60 g (4.52 mmol) of Compound 35 
obtained in Example 35 in place of Compound 1. Then, the resultant crude crystals were recrystallized from ethyl 
acetate to give 1 .47 g (yield 88%) of Compound 36 as pale green needles. 
Melting Point: 185.3-185.7"C 



Elemental Analysis: C20H24N4O3 

Calcd. (%) 1 C, 65.20; H, 6.56; N, 15.21 
Found {%) j C, 65.28; H, 6.85; N, 15.18 



IR(KBr)v^ax (cm-1): 1693, 1666, 1515. 1248 

NMR (270MHz; CDCI3) 8 (ppm): 7.74(1 H. d, J=15.8Hz), 7.52(2H. d, J=8.6Hz), 6.92(2H, d, J=8.6Hz). 6.77 (1H, 
d. J=1 5.8Hz). 4.21 (2H. q. J=6.9Hz). 4.12-4.01 (4H, m), 4.04(3H. s), 1.44(3H, t. J=6.9Hz), 1.38 (3H, t, J=7.6Hz). 1.26 
(3H. t, J=6.9Hz) 

Example 37 

(E)-1.3-Diethyl-8-(4-propoxystyryl)xanthine (Compound 37) 

[0136] Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5,6-diamino- 
1 .3-diethyluracil and 3.43 g (16.6 mnnol) of 4-propoxycinnamic acid. Then, the resultant crude crystals were recrystal- 
lized from dioxane/water to give 3.02 g (yield 54%) of Compound 37 as pale yellow needles. 
Melting Point; >270'»C 



Elemental Analysis: C20H24N4O3 

Calcd (%) I C, 65.20; H. 6.56; N. 15.21 
Found (%) I C. 64.91; H, 6.79; N, 15.14 



IR (KBr) v^ax (cm-i): 1695. 1656, 1515, 1250 

NMR (270MHz; DMSO-dg) 6 (ppm): 1 3.38(1 H. brs), 7.59 (1H, d, J=16.5Hz), 7.55(2H, d. J=8.6Hz), 6.97(2H, d, 
J=8.6Hz), 6.87(1H. d. J=16.5Hz), 4.07(2H. q, J=7.3Hz), 4.00-3.90(4H. m). 1 .81-1 .67(2H. m). 1.26 (3H. t. J=6.9Hz), 
1.14(3H. t, J=6.9Hz). 0.98(3H. t. J=7.3Hz) 

Example 38 

(E)-1,3-Diethyl-7-methyl-8-(4-propoxystyryl)xanthine (Compound 38) 

[0137] Substantially the same procedure as in Example 2 was repeated using 1 .70 g (4.61 mmol) of Compound 37 
obtained in Example 37 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from hexane/ 
ethyl acetate to give 1 .37 g (yield 78%) of Compound 38 as pale yellow needles. 
Melting Point: 155.7-156.5''C 
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Elemental Analysis: C21H26N4O3 


Calcd. (%) 
Found (%) 


C, 65.92; H. 6.85; N, 14.65 

C. 65.72; H, 7.05; N. 14.59 

till 



(KBr) v^ajj (cm-1): 1696, 1665, 1513, 1246 
NMR (270MHz; CDCI3) 6 (ppm): 7.74(1 H, d. J=15.8Hz). 7.52(2H, d, J=8.6Hz), 6.92(2H, d. J=8.6Hz), 6.77 (1H, 
u, J=15.8Hz). 4.21 (2H, q. J=6.9Hz). 4.09(2H. q, J=6.9Hz). 4.04(3H. s), 3.97(2H. t, J=6.6Hz), 1 .90-1 .77(2H, m), 1.38 
(3H. t. J=6.9Hz). 1.26(3H, 1, J=6.9Hz). 1.05(3H, t. J=7.3Hz) 

Example 39 

(E)-1,3-Dlethyl-8-(3-methoxystyryl)xanthine (Compound 39)^ 

[0138] Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1 ,3-diethyluracil and 2.48 g (1 3.9 mmol) of 3-methoxycinnamic acid. Then, the resultant crude crystals were recrystal- 
llzed from dimethytformamide/water to give 2.10 g (yield 49%) of Compound 39 as a white powder. 
Melting Point: 270.6-272.5*C 



Elemental Analysis: C^3H2qN403 

Calcd. (%) I C. 63.52; H, 5.92; N. 16.46 
Found (%) I C, 63.20; H, 6.01; N, 16.34 



IR (KBr) v^3x (cm-i): 1686, 1634. 1500 

NMR (270MHz; DMSO-dg) 5 (ppm): 7.61(1H, d, J=16.4Hz). 7.34(1H, t, J=7.9Hz). 7.20-7.18(2H, m), 7.07(1H, d, 
J=1 6.4Hz). 6.92(1 H, d, J=8.6Hz). 4.06(2H, q, J=7.0Hz), 3.94(2H. q, J=6.8Hz), 1.26(3H. t, J=7.0Hz), 1.14(3H. t. 
J=6.8Hz) 

Example 40 

{E)-1 ,3-Diethyl-8-(3-methoxystyryl)-7-methylxanthine (Compound 40) 

[0139] Substantially the same procedure as in Example 2 was repeated using 1 .70 g (5.00 mmol) of Compound 39 
obtained in Example 39 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from toluene/ 
cyclohexane to give 1 .10 g (yield 62%) of Compound 40 as pale yellow needles. 
Melting Point: 1 53.4-1 54.8*»C 



Elemental Analysis: C19H22N4O3 

Calcd. (%) I C, 64.39; H, 6.26; N. 15.81 
Found (%) I C, 64.34; H, 6.38; N, 15.82 



IR (KBr) v^a^ (cm-i): 1692, 1656, 1541 

NMR (270MHz; DMSO-dg) 6 (ppm): 7.64(1H. d. J=15.8Hz), 7.40-7.30(4H, m). 6.97-6.92(1H, m). 4.31-4.05{2H, 
m). 4.05(3H. s). 3.92(2H, q, J=7.0Hz). 1.26(3H, t. J=7.1Hz). 1.13(3H. t. J=7.0Hz) 

Example 41 

(E)-8-(4-Butoxystyryl)-1,3-dtethylxanthine (Compound 41) 

[0140] Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5,6-diamino- 
1 ,3-diethyluracil and 3.67 g (1 6.7 mmol) of 4-butoxycinnamic acid. Then, the resultant crude crystals were recrystallized 
from dioxane/water to give 3.04 g (yield 53%) of Compound 41 as pale yellow needles. 
Melting Point: 257. 9-261. 3" C 
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Elemental Analysis: C21H26N4O3 



Calcd. (%) I C. 65.95; H, 6.85; N. 14.65 
Found {%) I C. 65.90; H. 7.21; N, 14.60 



IR (KBr) (cm-1): 1695. 1645. 1515. 1248 

NMR (270MHz; DMSO-dg) § (PP"i)- 1 3.32(1 H. brs). 7.59 (1H, d, J=16.5H2). 7.55(2H. d. J=8.9Hz). 6.97(2H, d. 
J=8.9Hz). 6.87(1H, d. J=16.5Hz), 4.10-3.90(6H, m), 1.76-1.66(2H. m). 1.51-1.40(2H. m), 1.26{3H. t. J=6.9Hz). 1.14 
10 (3H. t, J=:6.9Hz). 0.94(3H. t. J=7.3Hz) 

Example 42 



(E)-8-(4-Butoxystyryl)-l ,3-diethyl-7-methylxanthine (Compound 42) 

[0141] Substantially the same procedure as in Example 2 was repeated using 1 .50 g (3.92 mmol) of Compound 41 
obtained In Example 41 in place of Compound 1. Then, the resultant crude crystals were recrystallized from hexane/ 
ethyl acetate to give 982 mg (yield 63%) of Compound 42 as pale yellow needles. 
Melting Point: 1 23.4-1 23.6'*C 



Elemental Analysis: C22H28N403 



Calcd. (%) i C, 66-65; H, 7.11; N. 14.13 
Found (%) j C, 66.81; H. 7.31; N, 14.01 



IR (KBr) v„ax (cm*''): 1693, 1665, 1513. 1251 

NMR (270MHz; CDCI3) 5 (ppm): 7.74(1 H. d. J=15.8Hz). 7.52(2H, d. J=8.9Hz), 6.92(2H, d. J=8.9Hz). 6.76 (1H. 
d. J=1 5.8Hz), 4.21 (2H, q, J=6.9Hz). 4.09(2H, q, J=6.9Hz), 4.04(3H, s), 4.02(2H, q, J=6.6Hz). 1 .84-1 .74(2H, m), 
1.58-1.44(2H. m). 1.38(3H, t. J=6.9Hz). 1.26(3H. t. J:=6.9Hz), 0.99(3H, t, J=:7.3Hz) 

Example 43 

(E)-1,3-Dtethyl-8-(4-methylstyryl)xanthine (Compound 43) 

[0142] Substantially the same procedure as in Example 1 was repeated using 3.00 g (15,1 mmol) of 5.6-diamino- 
1 ,3-diethyluracil and 2.70 g (1 6.7 mmol) of 4-methylcinnamic acid. Then, the resultant crude crystals were recrystallized 
from dioxane to give 2.64 g (yield 54%) of Compound 43 as pale yellow needles. 
Melting Point: >280*'C 



Elemental Analysis: CieH2oN402 



Calcd. (%) I C, 66.65; H, 6.21; N, 17.27 
Found (%) I C, 66.53; H, 6.27; N. 17.14 



IR(KBr) v^ajj (cm-1): 1692. 1644. 1518, 1490 

NMR (270MHz; DMSO-dg) 5 (ppm): 13.53(1H, brs), 7.62 (1H, d, J=:16.5Hz), 7.52(2H, d. J=7.9Hz), 7.24(2H, d. 
J=7.9Hz). 6.98(1 H. d, J=16.5Hz), 4.07(2H. q, J=6.9Hz). 3.94(2H, q, J=6.9Hz). 2.33(3H, s), 1,26 (3H. t. J=6.9Hz). 1.14 
(3H, t. J=6.9Hz) 

Example 44 

(E)-1,3-Diethyl-7-methyl-8-(4-methylstyryl)xanthtne (Compound 44) 



[0143] Substantially the same procedure as in Example 2 was repeated using 1 .50 g (4.62 mmol) of Compound 43 
obtained in Example 43 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from dioxane/ 
water to give 1 .39 g (yield 89%) of Compound 44 as yellow needles. 
Melting Point: 170.8-171. 5*C 
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Elemental Analysis: C19H22N4O2 


Calcd. (%) 
Found {%) 


C. 67,44; H, 6.55; N. 16.56 
C, 67.58; H, 6.65; N, 16.68 



IR (KBr) v^^ (cm-i): 1687. 1650, 1542, 1516 

NMR (270MHz; CDCI3) 5 (ppm): 7.77{1H. d. J=15.8Hz), 7.48(2H. d, J=8.3Hz). 7.21(2H. d, J=8.3Hz). 6.87 (1H, 
d. J=:1 5.8Hz). 4.22(2H. q, J=6.9Hz). 4.09(2H. q. J=6.9H2). 4.05(3H. s). 2.39(3H. s). 1.38(3H. t. J=6.9Hz). 1.26(3H. t. 
J=:6.9Hz) 

Example 45 

(E)-1.3-Diethyl-8-(2-methoxystyryl)xanthine (Compound 45) . 

[0144] Substantially the same procedure as in Example 1 was repeated using 2.5 g (12.6 mmol) of 5,6-diamino- 
1 ,3-diethyluracil and 2,48 g (1 3.9 mmol) of 2-methoxycinnamic acid. Then, the resultant crude crystals were recrystal- 
lized from tetrahydrof uran/water to give 990 mg (yield 24%) of Compound 45 as yeltow grains. 
Melting Point: >270*C 



Elemental Analysis: C,8H2oN403 

Calcd. (%) i C, 63.52; H, 5.92; N. 16.46 
Found (%) I C, 63.28; H. 5.86; N. 16.43 



IR (KBr) v^ax (cm-i): 1694, 1640, 1501 

NMR (270MHz; DMSO-dg) 6 (ppm): 7.85(1 H. d, J=1 6.8Hz), 7.62(1 H, d, J=7.6Hz), 7.34(1 H, t, J=7.6Hz), 7. 1 1 -6.98 
(3H. m). 4.07(2H, q, J=7.0Hz), 3.97-3.89(2H. m), 3.89(3H. s). 1.26(3H. t. J=7.0Hz), V14(3H, t, J=6.9Hz) 

Example 46 

(E)-1 .3-Diethyl-8-(2-methoxystyryl)-7-methylxanthine (Compound 46) 

[0145] Substantially the same procedure as in Example 2 was repeated using 1.5 g (4.41 mmol) of Compound 45 
obtained in Example 45 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from ethanol/ 
water to give 800 mg (yield 51%) of Compound 46 as yellow needles. 
Melting Point: 189.6-190.0'*C 



Elemental Analysis: C^9H22N403 

Calcd. (%) I C, 64.39; H, 6.26; N. 15.81 
Found (%) I C. 64.18; H, 6.25; N. 15.77 



IR (KBr) v^^ (cm'i): 1697, 1649 

NMR {270MHz; DMSO-de) 5 (ppm): 7.94(1 H, d, J=15.8Hz), 7.88(1 H. dd. J=7.9. 1.5Hz), 7.41 -7.34(1 H, m). 7.31 
(1H, d, J=15.8Hz), 7.10(1H. d, J=7.9Hz). 7.02(1H, t. J=7.4Hz). 4.11-4.02(2H. m), 4.02(3H, s), 3.96-3.90(2H, m). 3.90 
(3H. s), 1.29(3H. t. J=7.2Hz), 1.13(3H. t. J=7.2Hz) 

Example 47 

(E)-1 ,3-Diethyl-8-(4-methoxy-3-methylstyryl)xanthine (Compound 47) 

[0146] Substantially the same procedure as in Example 1 was repeated using 2.50 g (12.6 mmol) of 5,6-diamino- 
1 ,3-diethyluracil and 3.00 g (1 3.9 mmol) of 4-methoxy-3-methylcinnamic acid. Then, the resultant crude crystals were 
recrystallized from dimethylsutfoxide/water to give 1 .70 g (yield 36%) of Compound 47 as white flocculent precipitates. 
Melting Point: >270°C 
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Elemental Analysis: C19H22N4O3 


Calcd. (%) 
Found (%) 


C. 64.39; H, 6.23; N. 15.81 
C, 64.05; H, 6.34; N. 15.74 



IR (KBr) v^^ (cm-1): 1689. 1644. 1510, 1459 

NMR (270MHz; DMSOKig) 5 (ppm): 7.56(1 H. d, J=16.3Hz). 7.45(1 H, s), 7.44(1 H, d. J=8.2Hz). 6.98(1 H. d. 
J=8.2H2). 6.87(1H, d, J=16.3Hz), 4.06(2H. q, J=7.1Hz), 3.93(2H, q, J=:7.0Hz), 3.82(3H. s), 2.18 (3H, s). 1.25(3H, t, 
J=7.1Hz). 1.13(3H. t. J=7.0Hz) 

Exannple 48 

(E)-1 ,3-Diethyl-8-(4-nriethoxy-3-nnethylstyryl)-7-nnethytxanthine (Compound 48) 

[0147] Substantially the same prcx:edure as in Example 2 was repeated using 1 .27 g (3.36 mmol) of Compound 47 
obtained in Example 47 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from toluene/ 
cyclohexane to give 1.01 g (yield 82%) of Compound 48 as yellow needles. 
Melting Point: 176.5-177.6°C 



Elemental Analysis: C20H24N4O3 

Calcd. (%) I C, 65.20; H. 6.57; N. 15.21 
Found (%) j C, 65.22; H. 6.75; N, 15.22 



!R (KBr) v^ax (cm-i): 1687, 1648, 1542, 1505, 1434 

NMR (270MHz; DMSO-dg) 6 (ppm): 7.65(1 H, s), 7.58(1 H, d, J=1 5.8Hz), 7.57-7,53(1 H, m), 7. 1 6(1 H, d, J=1 5.8Hz). 
6.97(1H, d, J=8.9Hz), 4.10-4.01(2H. m), 4.01(3H, s). 3.91(2H. q. J=6.9Hz). 3.88(3H. s). 2.19(3H, s). 1.25(3H. t, 
J=6.9Hz), 1.12(3H, t, J=6.9Hz) 

Example 53 Tablets 

[0148] Tablets having the following composition were prepared in a conventional nnanner. 



Composition of One Tablet 


Compound 2 


20 mg 


Lactose 


143.4mg 


Potato Starch 


30 mg 


Hydroxypropytcellulose 


6mg 


Magnesium Stearate 


0.6mg 




200 mg 



Example 55 Capsules 

[0149] Capsules having the following composition were prepared in a conventional manner 



Composition of One Capsule 


Compound 8 
Avicel 

Magnesium Stearate 


20 mg 
99.5mg 
0.5mg 




120 mg 



Example 56 Injections 

[0150] Injections having the following composition were prepared in a conventional manner. 
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Composition of One Injection Vial 


Compound 10 


2mg 


Purified Soybean Oil 


200 mg 


Purified Egg Yolk Lecithin 


24 mg 


Glycerine for Injection 


50 mg 


Distilled Water for Injection 


1.72 ml 




2.00 ml 



Example 57 Syrup Preparations 

[0151] Syrup Preparations having the following composition were prepared in a conventional manner 



Composition of One Syrup Preparation 


Compound 14 


20 mg 


Refined Sugar 


30 mg 


Ethyl p-Hydroxybenzoate 


40 mg 


Propyl p-Hydroxybenzoate 


10 mg 


Strawberry Flavor 


0.1 ml 


Water 


99.8 ml 




100 ml 



Reference Example 19 

{E)-8-(3,5-Dimethoxystyryl)-1,3-diethylxanthine (Compound 67) 

[0152] Substantially the same procedure as in Example 1 was repeated using 3.00 g (15.1 mmol) of 5.6-diamino- 
1.3-diethyluracil and 3.48 g (16.7 mmol) of 3,5-dimethoxycinnamic acid. Then, the resultant crude crystals were re- 
crystallized from ethanol/water to give 2.74 g (yield 49%) of Compound 67 as a white powder. 
Melting Point: >270°C 



Elemental Analysis: Ci9H22N4O4-0.5H2O 


Gated. (%) 
Found {%) 


C, 60.15; H. 6.11; N, 14.77 
C, 60.41; H. 6.15; N, 15.02 



(KBr) v^ax (cm-i): 1686, 1638. 1587 
NMR (270MHz; DMSO-dg) 5 (ppm): 7.57(1 H. d. J=16.5Hz), 7.07(1 H, d, J=16.5Hz), 6.79 (2H. d. J=:2.0Hz), 6.50 
(1H. t. J=2.0Hz). 4.06(2H. q, J=7.0Hz), 3.94(2H, q, J=6.9Hz). 3.79(6H,s). 1.26(3H. t. J=7.0Hz). 1.14(3H. t, J=6.9Hz) 

Reference Example 20 

(E)-8-(3,5-Dimethoxystyryl)-1 ,3KJiethyl-7-methylxanthine (Compound 68) 

[0153] Substantially the same procedure as in Example 2 was repeated using 3.00 g (8.11 mmol) of Compound 67 
obtained in Reference Example 19 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
toluene/cyclohexane to give 2.28 g (yield 73%) of Compound 68 as yellow needles. 
Melting Point: 184.2-185.3X 



Elemental Analysis: C20H24N4O4 

Calcd. (%) I C. 62.49; H. 6.29; N, 14.57 
Found (%) I C. 62.66; H, 6.48; N. 14.65 



IR (KBr) v^g^ (cm-1): 1690, 1659, 1595 
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NMR (270MHz; DMSO-dg) 5 (ppm); 7.60(1 H. d. J=157Hz). 7.35(1 H. d. J=15.7H2). 6.98(2H. d. J=2.2Hz), 6.51 
(1H, t, J=2.2H2). 4.11-4.01(2H, m). 4.05(3H. s). 3.92(2H. q, J=7.0H2), 3.80(6H. s). 1.26(3H. t, J=7.1Hz). 1.13(3H, t. 
J=7.0Hz) 

Reference Example 33 

(E)-1,3-Diethyl-8-(4-nnethoxymethoxystyryl)xanthine (Compound 81) 

[0154] Substantially the same procedure as in Example 1 was repeated using 4.00 g (20.2 mmol) of 5,6-diamino- 
1 ,3-diethyluracil and 4.62 g (22.2 mmot) of 4-methoxymethoxycinnamlc acid. Then, the resultant crude crystals were 
recrystallized from dioxane/water to give 4.80 g (yield 64%) of Compound 81 as pale yellow needles. 
Melting Point: 270.2-271. 4* C 



Elemental Analysis: C^q\:\22^404 

Calcd. (%) ! C, 61.61; H. 5.98; N, 15.13 
Found (%) I C. 61.97; H, 5.98; N, 15.05 



IR(KBr)v^a^(cm-i): 1695. 1641. 1510. 1238 

NMR (270MHz; DMSO-dg) 5 (ppm) : 13.40(1H, brs), 7.60 (1H. d, J=16.5Hz). 7.57(2H. d. J=8.6Hz). 7.06(2H. d. 
J=8.6Hz). 6.90(1 H. d. J=16.5Hz). 5.23(2H. s). 4.07{2H, q, J=6.9Hz), 3.94(2H, q, J=6.9Hz). 3.39 (3H, s), 1.26(3H, t, 
J=6.9Hz), 1.14(3K t. J=6.9Hz) 

Reference Example 34 

(E)-1 ,3-DiethyI-e-(4-methoxymethoxystyryl)-7-methylxanthine (Compound 82) 

[0155] Substantially the same procedure as In Example 2 was repeated using 3.50 g (9.45 mmol) of Compound 81 
obtained in Reference Example 33 in place of Compound 1 . Then, the resultant crude crystals were recrystallized from 
hexane/ethyl acetate to give 3.39 g (yield 93%) of Compound 82 as pale yellow plates. 
Melting Point: 163.9-1 64. 7*»C 



Elemental Analysis: C20H24N4O4 

Calcd. (%) I C, 62.49; H. 6.29; N, 14.57 
Found (%) I C, 62.21; H, 6.27; N, 14.58 



IR (KBr) v^g^ (cm-i): 1688. 1651. 1510. 1238 

NMR (270MH2; CDCI3) 6 (ppm): 7.75(1 H, d. J=15.8Hz), 7.53(2H. d, J=8.6Hz), 7.07(2H, d, J=8.6H2). 6.79 (1H, 
d. J=15.8H2), 5.21 (2H. s). 4.21 (2H. q. J=6.9Hz). 4.09(2H. q. J=6.9Hz). 4.05(3H. s). 3.50 (3H. s), 1.38(3H, t. J=6.9Hz). 
1.26(3H, t, J=6.9Hz) 



Claims 

1. Use of a xanthine derivative of Formula (I): 
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in which; 



Ri and R2 are independently methyl or ethyl; 

is hydrogen, C^-Ce straight or branched chain alkyi 
and are hydrogen, and Z represents a 




group in which R® is hydrogen, and m represents 1 or 2; 
and and are O; 

or a pharnnaceutically acceptable salt thereof, for the manufacture of a medicament for the treatment of Parkinson's 
disease. 

Use according to claim 1 wherein R^ is a C^-C^ alkyI group. 
Use according to claim 2 wherein R^ is methyl. 

Use according to claim 1 , 2 or 3 wherein the configuration at the position 8 of the xanthine ring is (E) form. 
Use according to any one of claims 1 to 4 wherein R^ is methyl; Z is 




where R® is hydrogen; and m is 1 or 2. 
A xanthine derivative of the formula (l-A): 
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(I-A) 



R1 and R2 are as defined in claim 1; 

R3« is hydrogen or Ci-Ce straight or branched chain alkyi; and 
Za is a 



130 




group wherein at least one of R^, R^and Regroups isaC^-Cg straight or branched chain alkyI or alkoxy group 
and the others are hydrogen; and R^° is hydrogen or C^-Cg straight or branched chain alkyI; or a 




group wherein R® and m are as defined in claim 1 ; 
or a pharmaceutically acceptable salt thereof. 

A xanthine derivative according to claim 6. in which the configuration at the position 8 of the xanthine ring is (E) form. 
A xanthine derivative according to claim 7, in which is a 
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R7 R8 




group where R^, R®, and R^° are as defined in claim 6. 

9. A xanthine derivative according to claim 6, 7, 8 wherein R^ is CyC^ straight or branched chain alkyl. 

10. A xanthine derivative according to claim 9 wherein R^* is methyl. 

11. A xanthine derivative according to claim 6, 7, 8, 9 or 10 wherein one of R^, R^ and R^ is methyl, methoxy, ethoxy 
or propoxy and the others are hydrogen; and R''** is hydrogen or methyl. 

12. A xanthine derivative according to any one of claims 6 to 11 wherein R^ and R2 are ethyl; R^ and R^ are methoxy; 
and R7 and R^^ are hydrogen. 

13. A xanthine derivative according to claim 6 or 7 wherein R^ is methyl; is a 




group wherein R® is hydrogen; and m is 1 or 2. 

14. A pharmaceutical composition containing a compound or salt as claimed in any one of claims 6 to 1 3 in admixture 
with a pharmaceuticalty acceptable carrier or diluent. 

Patentanspruche 

1. Verwendung eines Xanthinderivates der Formel (I): 
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Y2 



R2 



in welchem: 



R1 und R2 unabhangig voneinander Methyl- cxJer Ethylgruppen sind; 
R3 ein Wasserstotfatom, ein unverzweigter oder verzweigter C^-Cg-Alkylrest ist, 
und Y2 Wasserstoffatome sind, und Z einen Rest 




darstetit, in welchem ein Wasserstoffatom ist und m den Wert 1 oder 2 hat; und und X2 Sauerstoffatome 



Oder eines phamnazeutisch vertraglichen Salzes davon, zur Herstellung eines Medikaments zur Behandlung von 
Morbus Parkinson. 

Verwendung nach Anspruch 1, wobel ein Ci-Cg-Alkylrest ist. 
Verwendung nach Anspruch 2, wobei R^ eine Methylgruppe ist. 

Verwendung nach Anspruch 1 , 2 oder 3, wobei die Konfiguration an der Position 8 des Xanthinrings die (E) Form ist. 
Verwendung nach einem der Anspruche 1 bis 4, wobei R^ eine Methylgruppe ist, Z der Rest 



sind; 




ist; R® ein Wasserstoffatom ist; und m 1 oder 2 ist. 



Xanthinderivat der Formel (l-A): 
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in welchem: 

und R2 wie in Anspruch 1 definiert sind; 

ein Wasserstoffatom oder ein unverzweigter oder verzweigter C^-Ce-Alkylrest ist; und der Rest 
Z« ein Rest der Formel 




ist, in dem mindestens einerder Reste R^. R® und R^ ein unverzweigter oder verzweigter Ci-Ce-Alkyl- oder- 
Alkoxyrest ist und die anderen Reste V\tasserstoffatonne sind; und R^o ein Wasserstoffatom oder ein unver- 
zweigter Oder verzweigter Alkylrest ist; oder ein Rest der Formel 




in dem R^ und m wie in Anspruch 1 definiert sind; 
Oder ein pharmazeutisch vertragliches Salz davon. 

Xanthinderivat nach Anspruch 6, in welchem die Konfiguration an der Position 8 des Xanthinrings die (E) Form ist. 
Xanthinderlvat nach Anspruch 7, in welchem 2« ein Rest der Formel 
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R7 




R9 



ist, in welchem R'', R^, R^ und R^° wie in Anspruch 6 definiert sind. 

9. Xanthinderivat nach Anspruch 6, 7, 8. in welchem R^^ ein unverzweigter oder verzweigter CyC^- Alkylrest ist. 

10. Xanthinderivat nach Anspruch 9, in dem R3a eine Methylgruppe ist. 

11. Xanthinderivat nach Anspruch 6, 7, 8. 9 oder 10 wobei einer der Reste R^, R8 und R^ eine Methyl-. Methoxy-, 
Ethoxy- Oder Propoxygruppe ist und die anderen Reste Wasserstoffatome sind; und R^° ein Wasserstoffatonn oder 
eine Methylgruppe ist. 

1 2. Xanthinderivat nach einem der AnsprOche 6 bis 1 1 . in dem R^ und R2 Ethylgruppen sind; R^ und R^ Methoxygrup- 
pen sind; und R^ und R^^ Wasserstoffatome sind. 

13. Xanthinderivat nach Anspruch 6 oder 7, wobei R^® eine Methylgruppe ist, ein Rest der Formel 



ist; R® ein Wasserstoffatom Ist; und m 1 oder 2 ist. 

14. Arzneimittel, enthaltend eine Verbindung oder Salz nach einem der AnsprOche 6 bis 13, zusammen mit einem 
pharmazeutisch verlrag lichen Trager oder Verdunnungsmittel. 

Revendlcatlons 

1. Emploi d*un derive de xanthine de formule (I) : 





.2 



(I) 



dans laquelle : 



R^ et R2 representent chacun, independamment, un groupe methyle ou ethyle ; 
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R3 repr6sente un atome d'hydrogfene ou un groupe alkyle en C^,q h chaine droite ou ramifi6e ; 
et Y2 repr6sentent des atomes d'hydrogdne et Z repr6sente un groupe 




dans lequel R® reprdsente un atome d'hydrogdne et m repr6sente 1 ou 2 ; et et repr6sentent des atomes 
d'oxyg^ne ; 

ou d'un sel d*un tel compos6, admissible en pharmacie, pour la fabrication d'un medicament destin6 au traitement 
de la maladie de Parkinson. 

Emploi conforme k la revendication 1, ou R^ repr6sente un groupe alkyle en C^.^. 
Emploi conforme k la revendication 2, ou R^ repr^sente un groupe m6thyle. 

Emploi conforme ^ la revendication 1 . 2 ou 3, ou la configuration adopt6e par le cycle de xanthine en position (8) 
correspond k une forme (E). 

Emploi confomne ^ I'une des revendications 1 ^ 4, ou R^ repr6sente un groupe m6thyle et Z repr6sente un groupe 
de formule 




dans laquelle R® repr6sente un atome d'hydrog6ne et m vaut 1 ou 2. 
D6riv6 de xanthine de fomiule (I-A): 




(I-A) 



dans laquelle : 

R^ et R2 ont les significations indiqu6es dans la revendication 1 ; 

R3* repr6sente un atome d'hydrog6ne ou un groupe alkyle en C-,.6 k chaine droite ou ramifi^e ; et 
Z^ repr6sente un groupe de formule : 
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,10 



R 



oil au moins I'un des symbotes R^, et R^ repr6sente un groups alkyle ou alcoxy en C,^ k chatne drorte ou 
ramifi6e. les autres synnix>les repr6sentant des atomes d'hydrog^ne, et R^o represents un atome d'hydrog6ne 
ou un groupe alkyle en C,.6 h chaine droite ou ramifi6e ; ou bien un groupe de tormule ; 



ou R^ et m ont les significations indiqudes dans la revendtcation 1 ; 
ainsi que des sels de tels composes, admissibles en pharmacie. 

7. D6riv6 de xanthine conforme d ta revendrcatlon 6, dans lequel la configuration adoptee par le cycle de xanthine 
en position 8 correspond d une forme (E). 

8. D6riv6 de xanthine conforme ^ la revendk:atk)n 7, dans lequel Z° repr^sente un groupe de formule : 



dans laquelle les symboles R^, R^, R^ et R^^ ont les significations Indlqudes dans la revendication 6. 

9. D6riv6 de xanthine conforme ^ la revendication 6. 7 ou 8, dans lequel R^a repr6sente un groupe alkyle en C^^ & 
chaTne droite ou ramifi6e. 

10. D6riv6 de xanthine conforme ^ la revendication 9. dans lequel R^ repr6sente un groupe m6thyle. 

11. D6riv6 de xanthine conforme k la revendication 6, 7, 8, 9 ou 10, dans lequel I'un des symboles R^, RS et R^ 
repr^sente un groupe mdthyle, m6thoxy, 6thoxy ou propoxy, les autres repr6sentant des atomes d'hydrogdne, et 
R10 repr6sente un atome d'hydrogdne ou un groupe m6thyle. 

12. D6riv6 de xanthine conforme k l*une des revendications 6 ^ 11, dans lequel R^ et R2 repr6sentent des groupes 
dthyle, R^ et R^ repr6sentent des groupes m6thoxy, et R^ et R^^ repr6sentent des atomes d'hydrog6ne. 

13. D6riv6 de xanthine conforme k la revendication 6 ou 7. dans lequel R^® repr6sente un groupe m6thyle et Z» 
repr6sente un groupe de formule : 





10 



R 
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dans laquelle R® repr^sente un atome d'hydrog6ne et m vaut 1 ou 2. 

14. Composition pharmaceutique contenant un composd ou un sel confomne k I'une des revendications 6^13, nn6- 
langd avec un v6hicule ou diluant admissible en pharmacie. 
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